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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:
· 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 (recently updated in [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 (L1 multiplexing of services of different priority is out of scope):
· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
· specifying prioritization 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]
Note that the recent update of the IIoT WID excludes L1 multiplexing of services of different priority (i.e. only prioritization is allowed between different priority).
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 remaining 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, 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#98)
At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.
· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.
· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.
· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots
· FFS for other sub-slot configurations, if any.
FFS: If a PUCCH resource across sub-slot boundary is supported
Agreements: (RAN1#98bis)
Any sub-slot PUCCH resource is not across sub-slot boundaries. 

With the agreed sub-slot configurations for sub-slot-based HARQ-ACK feedback procedure and K1 definition, we discuss additional details to be addressed.
Sub-slot configurations
Two sub-slot configurations have been agreed to be supported, 2x7 and 7x2 sub-slots per slot. However, we don’t see need to restrict it to even sub-slot width configurations. We propose to support additional sub-slot configurations with configurable width of each sub-slot. Such flexibility allows support for e.g. 4 sub-slots / slot and can be used to provide a better match with a TDD pattern to avoid sub-slots overlapping DL symbols. A sub-slot configuration can be fully defined by a sequence of sub-slot widths (in symbol units), adding up to 14. 

[bookmark: _Hlk21328177][bookmark: _Hlk21328532]Proposal 2-1: Support configurable sub-slot configurations (in addition to 2x7 and 7x2). A sub-slot configuration is configured as a set of sub-slot widths (in unit of OFDM symbols), adding up to 14. 
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[bookmark: _Ref13817064]Figure 2-1. Examples of agreed and additional sub-slot configurations with configurable sub-slot width

In many cases, the desired PUCCH starting symbol(s) and duration(s) should be similar in all sub-slots and hence one resource set(s) configuration for all sub-slots in a particular sub-slot configuration are sufficient. 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 additional PUCCH resource set(s) to be used only for certain sub-slot index/indices.

Proposal 2-2: A PUCCH resource set(s) can be configured for specific sub-slot indices. 

Type-1 HARQ-ACK codebook for sub-slot PUCCH
Type-1 HARQ-ACK codebook can provide robustness against missed DCI transmissions, which is suitable 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 based on sub-slots instead of slots, adding a new step that if an entry in 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.
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Figure 2-2. Example of R15 Type-1 HARQ-ACK codebook construction algorithm adapted to support sub-slots shorter than a DL slot.
However, particularly when high priority URLLC traffic with different latency targets are to be served, the Type-1 HARQ-ACK codebook can be large with a high number of redundant HARQ-ACK bits being transmitted in different codebooks. Techniques on how to reduce the Type-I HARQ-ACK codebook overhead should be studied. 

Proposal 2-3: To support Type-1 HARQ-ACK codebook in sub-slot-based feedback, the Rel-15 Type-1 HARQ-ACK codebook construction needs to be adapted for sub-slot unit operation, where a sub-slot might span less than a DL slot. In this case, the TDRA table is split into sub-tables prior to pruning, with each sub-table associated with a sub-slot. When an entry in the TDRA table spans multiple sub-slots, it associated with the sub-slot where the allocation of the entry starts (or ends). FFS on overhead reductions.

It has been agreed that a separate TDRA table and dl_DataToUL_ACK are configured for DCI format 1_2. These are referred to with the parameters dl-DataToUL-ACK-ForDCIFormat1_2 and pdsch-TimeDomainAllocationList-ForDCIFormat1_2. In the case where both DCI format 1_2 and one of 1_1 and 1_0 is used in the same slot with the same HARQ-ACK codebook priority, enhancements for the Type-1 HARQ-ACK codebook are needed. The simplest approach is to construct the HARQ-ACK window from the non-redundant values from from dl_DataToUL-ACK and dl-DataToUL-ACK-ForDCIFormat1_2. Then for each K1 value in the HARQ-ACK window, three cases can be defined to determine the TDRA table to be used for pruning:
· The K1 value is only present in dl_DataToUL-ACK which means that only DCI format 1_0/1_1 could be used in this slot. In this case, pdsch-TimeDomainAllocationList is used.
· The K1 value is only present in dl-DataToUL-ACK-ForDCIFormat1_2 which means that only DCI format 1_2 could be used in this slot. In this case pdsch-TimeDomainAllocationList-ForDCIFormat1_2 is used.
· The K1 value is present in both dl_DataToUL-ACK and dl-DataToUL-ACK-ForDCIFormat1_2, which means that both DCI Format 1_2 and 1_0/1_1 could be used. In this case, the two TDRA tables (pdsch-TimeDomainAllocationList-ForDCIFormat1_2 and pdsch-TimeDomainAllocationList) are concatenated into one table. 

Proposal 2-4: When DCI format 1_2 and at least one of DCI formats 1_0/1_1 are configured in a way that they can be used to indicate the same Type-1 HARQ-ACK codebook the following changes are proposed: 
· The HARQ-ACK window is determined by combining the non-redundant entries in dl_DataToUL_ACK and dl-DataToUL-ACK-ForDCIFormat1_2. 
· For K1 values indicating that both DCI format 1_2 and 1_0/1_1 can be used, the two TDRA tables (pdsch-TimeDomainAllocationList and pdsch-TimeDomainAllocationList-ForDCIFormat1_2) are concatenated to form a single table prior to pruning. 
· For K1 values indicating that only DCI format 1_2 or 1_0/1_1 can be used, only the corresponding TDRA table is used for pruning.


Multiple HARQ-ACKs overlapping with a PUSCH

With the agreed sub-slot configuration where there can be more than one PUCCH for HARQ-ACK transmission within a slot, it can now happen that two (or more) HARQ-ACK transmissions overlap with the same PUSCH (as illustrated in Figure 2-3). For HARQ-ACK corresponding to dynamic PDSCH, there is quite some flexibility in gNB implementation to avoid such as case. But for HARQ-ACK corresponding to SPS PDSCH, there is no flexibility any more once the SPS related configuration is done, and such overlapping cases may be difficult to avoid without affecting PUSCH latency and scheduling flexibility. 

Note that in this discussion, we focus on the case of sub-slot-based feedback only as an isolated feature, without e.g. two HARQ-ACK codebooks or two priority levels as in intra-UE multiplexing/prioritization. (Once the baseline behaviour is defined, we can further consider how it should be done when we have two HARQ-ACK codebooks/priority levels.)

Even though in the context of sub-slot-based feedback only, there is no explicit definition of priority levels, we think they should be treated as latency critical (i.e. considered in a similar way as high priority channels) because sub-slot configuration would be necessary only for URLLC traffic. Hence, in order not to affect PUSCH latency and scheduling flexibility, in contrast to Rel-15 NR, such an overlapping case should be considered as valid with sub-slot-based feedback and a corresponding handling rule needs to be designed.
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Figure 2-3: Example illustrating the case where two HARQ-ACKs overlap with the same PUSCH.

First of all, we should allow such a case even if the multiplexing timeline condition is not satisfied for one or more of the HARQ-ACK transmissions. This follows the same rationale as Proposal 3-6 which is discussed later. Basically, it provides gNB more flexibility in terms of scheduling in order to achieve the latency requirement. When the multiplexing timeline condition is not satisfied, HARQ-ACK is dropped.

Then for the case where only one HARQ-ACK satisfies the multiplexing timeline condition, this HARQ-ACK can be multiplexed with PUSCH, and the remaining HARQ-ACKs are dropped.

For the case where at least two HARQ-ACKs satisfy the conditions for multiplexing with PUSCH, the question is whether to allow more than one HARQ-ACK to be multiplexed with PUSCH. Due to the limited time until the Rel-16 NR completion, we believe that only one HARQ-ACK should be allowed to be multiplexed with PUSCH since allowing more than one HARQ-ACK is more complicated and may generate more discussions in 3GPP. On the decision of which HARQ-ACK to choose for multiplexing with PUSCH, we propose to use the following simple rule while noting that we do not have a strong preference for this rule over another: the earliest HARQ-ACK is prioritized and the other HARQ-ACKs are dropped.

Proposal 2-5: In case of sub-slot-based HARQ-ACK feedback without two priority levels, the case where a PUSCH overlaps with more than one HARQ-ACK is considered as a valid case.
· If a PUSCH overlaps with multiple HARQ-ACKs within which one or more HARQ-ACK transmissions satisfy the multiplexing timeline conditions, the earliest HARQ-ACK that satisfies the condition is multiplexed with PUSCH, and the other HARQ-ACKs are dropped.
· The HARQ-ACKs that do not satisfy the conditions for multiplexing with PUSCH are dropped.

[bookmark: _Ref7172469][bookmark: _Hlk24125308]Support of two HARQ-ACK codebooks simultaneously constructed in a UE
The following has been agreed for the support of multiple 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.
Agreements: (RAN1#98)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, following can be separately configured for different HARQ-ACK codebooks:
· PUCCH-SpatialRelationInfo
· Sub-slot configuration (only applied for the sub-slot-based HARQ-ACK codebook)
· FFS whether or not to support the case when there are at least two HARQ-ACK codebooks configured with sub-slots, with the same or different sub-slot configurations
Agreements: (RAN1#98)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.
Agreements: (RAN1#98)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,
· In case of SPS PDSCH, the following options for identifying a HARQ-ACK codebook (to down-select, combinations are not precluded)
· Opt.1: By SPS PDSCH configurations 
· Opt.2: By the DCI activating the SPS PDSCH 
· Opt.3: By the CORESET where the activating DCI is received
Agreements: (RAN1#98bis)
Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 
· Note: This does not preclude possibility of extending it in future releases.
An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release
· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
Agreements: (RAN1#98bis)
R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.
· Both are slot-based.
· Both are sub-slot-based
Agreements: (RAN1#98bis)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, PDSCH-HARQ-ACK-Codebook is separately configured.
Agreements: (RAN1#98bis)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, at least the followings are separately configured.
· For DG
· UCI-OnPUSCH
· For CG
· FFS
· codeBlockGroupTransmission
· FFS K1
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 need to be added.

Envisioned changes related to supporting separately configurable parameters for HARQ-ACK codebooks, compared to R15 PUCCH-Config:
· Separately configurable PUCCH resource set(s) for sub-slot indices as proposed in Proposal 2-2.
Envisioned changes related to supporting separately configurable parameters for HARQ-ACK codebooks, not related to R15 PUCCH-Config:
· Separately configured TDRA tables for different HARQ-ACK codebooks. This can be done e.g. by defining a new parameter PDSCH-TimeDomainAllocationTables of 1, 2 of PDSCH-TimeDomainAllocationList in PDSCH-Config. If only one is configured, this is used for both HARQ-ACK codebook priorities. The same can be done for pdsch-TimeDomainAllocationList-ForDCIFormat1_2. 
· Separately configured dl_DataToUL-ACK per HARQ-ACK codebook. As dl_DataToUL-ACK is currently being specified in PDSCH-Config, a new RRC parameter dl_DataToUL-ACK-List could be introduced of 1..2 of dl_DataToUL-ACK, up to one per HARQ-ACK codebook priority. If only one is configured, this applies to all HARQ-ACK codebooks. Similar approach should be applied for dl-DataToUL-ACK-ForDCIFormat1_2 as well. The argument of supporting this parameter as separately configurable per HARQ-ACK codebook is that dl_DataToUL-ACK along with the TDRA table per HARQ-ACK codebook procedure, are the main tools to manage the Type-1 HARQ-ACK codebook overhead. 
· In case that Type 2 CG PUSCH priority overridden by the activating DCI is supported, we would need a separately configured uci-OnPUSCH (betaOffset and scaling) for Configured Grant, currently provided in ConfiguredGrant-Config, because Type 2 CG can be activated with any priority (the priority determines which HARQ-ACK codebook priority is being allowed to be multiplexed on it). This could be done by introducing a new RRC parameter uci-OnPUSCH-List, of 1..2 uci-OnPUSCH, up to one per HARQ-ACK codebook priority. This parameter defines the maximum allowed UCI bits and ratio of UCI and PUSCH RE. If Type 2 CG PUSCH priority overridden by the activating DCI is not supported, the existing parameter can be reused and there is no need to introduce a separately configured uci-OnPUSCH. Note that for Type 1 CG, only one entity needs to be configured (reusing the existing parameter is sufficient), which is associated to a HARQ-ACK codebook priority.
Parameters which have been discussed, but do not need to be separately configured for different HARQ-ACK codebooks:
· Multi-CSI-PUCCH-ResourceList. This is not related to separately configured HARQ-ACK codebooks. 
· SchedulingRequestConfig. This is not related to separately configured HARQ-ACK codebooks. 


Proposal 2-6: 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-TimeDomainAllocationList
· Dl_DataToUL-ACK
· UCI-OnPUSCH for Type 2 CG if Type 2 CG PUSCH priority overridden by the activating DCI is supported

Proposal 2-7: We propose that the above parameters to be separately configurable per HARQ-ACK codebook can be realized in R16 by the following changes and rules:  
· Introduce a new RRC parameter PDSCH-TimeDomainResourceAllocation-Tables of 1..2 PDSCH-TimeDomainAllocationList in PDSCH-Config, up to one per HARQ-ACK codebook priority. 
· If only one PDSCH-TimeDomainAllocationList is configured, this is applied for both HARQ-ACK codebook priorities.  
· Similarly, introduce a new RRC parameter pdsch-TimeDomainAllocationTables-ForDCIFormat1_2 to contain the TDRA tables used with DCI format 1_2.
· Introduce a new RRC parameter dl_DataToUL-ACK-List of 1..2 dl_DataToUL-ACK in PDSCH-Config, up to one per HARQ-ACK codebook priority.
· If only one dl_DataToUL-ACK is configured, this is applied for both HARQ-ACK codebook priorities. 
· Similarly, introduce a new RRC parameter dl_DataToUL-ACK-ForDCIFormat_1_2-List is introduced.
· If Type 2 CG PUSCH priority overridden by the activating DCI is supported, introduce a new RRC parameter UCI-OnPUSCH-List of 1..2 UCI-OnPUSCH in ConfiguredGrantConfig, up to one per HARQ-ACK codebook (or equivalently, per priority).
· Only one is configured for Type 1 CG.
· Up to two is configured for Type 2 CG. If only one entry is configured, this is applied for both PUSCH priorities.

Proposal 2-8: The following parameters, which are included in R15 PUCCH-Config, should not be separately configurable for different HARQ-ACK codebook procedures:
· Multi-CSI-PUCCH-ResourceList
· SchedulingRequestConfig



Further, it is our understanding that the K1 granularity (slot or sub-slot) is determined on the (sub-)slot configuration. We do not see a need to extend the valid values of entries in dl_DataToUL_ACK.

Proposal 2-9: No need to extend the value range of dl_DataToUL_ACK.

Indication of HARQ-ACK codebook for dynamic PDSCH
It has been discussed in the e-mail discussion whether or not the impact of processing time of PDCCH should be considered in the discussion on how the HARQ-ACK codebook priority is indicated for dynamic PDSCH. We strongly discourage this for the following reasons:
· PDCCH processing time can be considered a small part of the total processing time when considering PDSCH as well.
· PDSCH priority should not be linked to a HARQ-ACK codebook priority. High priority PDSCH might not require high priority HARQ-ACK, e.g. if the latency budget does not fit a retransmission, or the latency budget fits multiple retransmissions. 
· The UE needs to process all PDCCH to know the full collision situation (e.g. both eMBB and URLLC scheduled traffic) together with assignments received in an earlier slot.

This leaves the discussion to consider the following options to identify a HARQ-ACK codebook priority:

· Opt.1: By DCI format
· This is possible with the agreed new DCI format being introduced. However, it requires that the gNB restricts the use of this format to e.g. URLLC, which is not decided yet.
· Even though the new DCI format 1_2 has been agreed with the intention to support 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 increase in the number of DCI sizes and a significant increase in the number of CCEs/BDs for PDCCH monitoring, which could become a limiting factor.
· 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. This 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 configured or is not solely used to schedule URLLC traffic, a new RNTI needs to be introduced for traffic differentiation. 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 and is 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 (including eMBB).
· 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 set(s) 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 the 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).

[bookmark: _Hlk21328031]Proposal 2-10: HARQ-ACK codebook procedure can 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 new DCI format 1_2. 
· If the new field is not configured, low priority is assumed.
· DCI format 1_0 implies low priority.

We would also like to point out that in NR-U discussion, it has been agreed that for the purpose of HARQ-ACK feedback of two PDSCH groups, the PDSCH group index is explicitly indicated in the DCI at least for dynamic PDSCH. Even though the motivation there is different, and NR-U introduced additional modifications to the HARQ-ACK feedback procedure, the fundamental concept of dividing HARQ-ACK feedback into more than one groups is the same. Therefore, it would make some sense to have the same mechanism for indication.

Indication of HARQ-ACK codebook priority for SPS
In principle, if the HARQ-ACK codebook priority is provided per SPS configuration provided per RRC (as already agreed), there is no need for any ‘complement’ or ‘overwrite’ by the DL DCI activating the SPS configuration. However, it is more flexible when the activation DCI can be used to carry the HARQ-ACK codebook priority indication and is allowed to override the priority in the SPS configuration. Further, we acknowledge that an overwriting mechanism can save RRC signalling, and SPS configurations, if the HARQ-ACK codebook priority of a SPS configurations needs to be changed, as it can then be done by the activation DCI instead of RRC signalling. 

In R15, the DL DCI activating the SPS configuration, is identified as the CRC is scrambled by CS-RNTI and not C-RNTI. This basically means that the activation DCI should support indicating the intended 2-level HARQ-ACK codebook priority, also when the CRC is scrambled with the CS-RNTI.

Proposal 2-11: Support overwriting the 2-level priority of HARQ-ACK codebook for SPS PDSCH in case the activating DL DCI format with CRC scrambled with CS-RNTI includes an indication of the HARQ-ACK codebook priority. 

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).




From RAN1#98bis, the following agreements have been made (not a full list):

Agreements:
2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.

Agreements:
2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats

Agreements:
For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).
· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.
· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviours.
· FFS details of processing timeline issues, e.g.
· How to handle the case where the timeline condition is not satisfied.
· Necessity of a new timeline.
[bookmark: _Hlk826821]
RAN1 has agreed “2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.”. However, the detailed design of delivering PHY priority of DG PUSCH has not been discussed. It is worth to point out the similarity comparing to the ongoing discussion in Section 2.2 about how to deliver HARQ-ACK priority information. From solution design point of view, all the discussed options can be applied to the indication of DG PUSCH priority as well. In our view, the preferred way is to adopt the same approach, i.e., using an explicit/dedicated field in DCI such as one bit in DCI to indicate one of the two priority levels. Based on this discussion, we propose:

Proposal 3-1: For DG PUSCH, the PUSCH priority at PHY can be indicated by an explicit field in the DL assignment. This field can be configured to be present in DCI format 0_1 and 0_2. 
· If the new field is not configured, low priority is assumed.
· DCI format 0_0 implies low priority.

For CG PUSCH, it has been agreed that the PHY priority is determined by an explicit indication as a new RRC parameter for both Type 1 and Type2 CG PUSCH. Considering the FFS point of “whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats.”. Similar as the discussion about HARQ-ACK codebook priority for DL SPS, in principle, there is no need to specify “complement” or “overwrite” scheme by DL DCI. However, it is more flexible in case the activation DCI can be used to carry priority indication which can overwrite the priority indication in RRC configuration. In addition, we acknowledge that an overwriting mechanism can save RRC signalling if the priority of the CG PUSCH needs to be changed, as it can then be done by the activation DCI instead of RRC signalling. The similar/same way as indicating PUSCH priority via an explicit indication in DCI can be applied to Type 2 CG.

Therefore, we have the following proposal:
 
Proposal 3-2: RAN1 supports overwriting the 2-level priority information of Type 2 CG PUSCH in case the activating DL DCI includes an indication of the PUSCH priority.

Discussion on collision scenarios
In this section we will discuss the scenarios with remaining open issues.


High priority SR vs. high priority HARQ-ACK (Scenario-01)
For handling this scenario, the Rel-15 NR rule should be anyhow used as a basis. Some optimizations could be proposed for some cases depending on SR and HARQ-ACK formats, however, since the time remaining until the completion of Rel-16 NR is very limited, we propose to simply re-use the Rel-15 rules in case the timeline condition is satisfied. 
Proposal 3-3: Re-use the Rel-15 rules to handle the overlap between a high priority SR and a high priority HARQ-ACK in case the Rel-15 timeline condition is satisfied.
The case where the timeline condition is not satisfied is considered as an error case in Rel-15 NR, and no corresponding behaviour was defined. However, in Rel-16 NR, 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 3-1, we illustrate an example of the case that needs to be considered as valid in Rel-16 NR.
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Figure 3-1: example illustrating the PUCCH overlapping case that needs to be considered as valid in Rel-16 NR.
In case the Rel-15 timeline condition for the overlapping PUCCHs is not satisfied, the PUCCH carrying more critical UCI should be prioritized and the PUCCH carrying relatively less critical UCI is dropped, where we consider that high-priority SR > high priority HARQ-ACK.
Proposal 3-4: In contrast to Rel-15 NR, the case where the timeline condition for overlapping high priority SR and high priority HARQ-ACK is not satisfied is considered as a valid case. For this case, high priority positive SR gets prioritized/transmitted and high priority HARQ-ACK is dropped.
High priority SR vs. low priority 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. Hence, in this case, there is no overlap between low priority SR and high priority SR at PHY. 

High priority SR vs. high priority PUSCH (Scenario-04)
In RAN2#107, it was agreed that in case PUCCH resource for SR transmission overlaps with UL-SCH resource, SR’s transmission is allowed based on a comparison of the priority of the LCH that triggered the SR and a priority value of the UL-SCH resource. Following RAN2 agreement, only in case the SR has higher priority, it is delivered to PHY. And in case SR is with higher priority in terms of LCH priority, the UL-SCH transmission is deprioritized and a MAC PDU will not be generated (if it has not been generated yet). Therefore, following the outcome of MAC layer prioritization, the later one (either SR or MAC PDU) should have higher priority at PHY. In our opinion, simply dropping SR at PHY layer is not a suitable solution anymore because it will result in the inconsistency between PHY layer and MAC layer. To be more specific, assuming that both PUCCH resource for SR and PUSCH resource for UL-SCH are classified as high priority at PHY (keeping in mind only two priority levels supported in PHY), their priority levels at MAC can be different since MAC has much finer priority granularity owing to the supported 16 levels of priority. If after one MAC PDU is delivered and mapped to high priority grant, SR with even higher priority according to LCH priority that triggers the SR at MAC layer is coming and delivered to PHY according to MAC operation, simply following Rel-15 rule will lead to the dropping of high priority SR which is not the intention from MAC layer. On the other hand, if PHY just follows the prioritization outcome from MAC layer, that is, the later one is prioritized and transmitted, there is no inconsistency between MAC and PHY layers and the solution is quite simple as well. 
Proposal 3-5: In case of collision between high priority SR and high priority PUSCH, the later one delivered from MAC (SR or MAC PDU) has higher priority at PHY, to follow the prioritization decision outcome at MAC layer. 
High priority HARQ-ACK vs. high priority PUSCH (Scenario-05)
In case of resource conflict between high priority HARQ-ACK and high priority PUSCH, when the timeline is satisfied, Rel-15 rules of UCI multiplexing on PUSCH can be applied. More specifically, UCI carrying high priority HARQ-ACK can be multiplexed with high priority PUSCH. The reliability of HARQ-ACK can be guaranteed by properly indicated beta_offset value. 
In case there is no sufficient time to multiplex HARQ-ACK with PUSCH (error case in Rel-15), prioritization rule should be applied. One example is illustrated in Figure 3-2 where the multiplexing timeline according to  is not satisfied. In our view, HARQ-ACK can be dropped in this case. 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).
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Figure 3-2 example illustrating the timing condition in case of overlap between high priority PUSCH and high priority HARQ-ACK.

Proposal 3-6: Multiplexing high priority HARQ-ACK with high priority PUSCH in case the processing timeline is satisfied, otherwise, high priority HARQ-ACK is dropped. 
High priority PUSCH vs. high priority PUSCH 

Similar as the discussion about the scenario of “high priority SR vs high priority PUSCH”, due to the different priority granularities at PHY layer and MAC layer, it is very likely that two different LCHs with different priority at MAC are mapped to the grants with the same priority from PHY layer point of view. And in case of two high priority grants are overlapped, PHY does not have sufficient information to make the right prioritization decision if both MAC PDUs are delivered to PHY. On the other hand, with MAC prioritization, MAC will deliver one MAC PDU to PHY only if it has higher priority than the earlier one [5]. Therefore, from PHY point of view, it is reasonable to assume that the later MAC PDU (in terms of when the MAC PDU delivered to PHY) has higher priority in case of overlapping, and the PUSCH with the earlier MAC PDU should be dropped. 

Proposal 3-7: In case of collision between two high priority PUSCHs (DG or CG), the PUSCH with MAC PDU that is delivered later from MAC to PHY has higher priority and is transmitted, and the earlier PUSCH from MAC is dropped.

SRS vs high priority PUCCH/PUSCH

SRS is not critical and thus it should be treated as low priority. Thus, SRS is dropped when it overlaps with a high priority transmission.

Proposal 3-8: SRS is treated as low priority. It is dropped when it overlaps with a high priority transmission.

PRACH vs high priority PUCCH/PUSCH

Depending on the event triggering the RACH procedure, there are cases where the overlapping between PRACH and PUCCH/PUSCH cannot occur and there are some other cases where the PRACH transmission is critical and should be prioritized over PUCCH/PUSCH. The events resulting in those cases are: Initial access from RRC_IDLE; RRC Connection Re-establishment procedure; DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised"; Request by RRC upon synchronous reconfiguration (e.g. handover); Transition from RRC_INACTIVE; Beam failure recovery.

On the other hand, there are other triggering events for which the PRACH transmission could be of high or low priority depending on the scenario under consideration. Two such events are: UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available; SR failure. For these events, for instance in case there are no available resources for SR or in case of SR failure, if the LCH triggering the SR is associated with a traffic of high priority, then PRACH should be considered of high priority.
 
Finally, the following two events are typically not very critical: To establish time alignment for a secondary TAG; Request for other SI. It is not fully clear how to determine when the corresponding PRACH transmission should be considered as more important than a high priority PUCCH/PUSCH transmission.

Having individually optimized rule for each triggering event could be too complicated, especially given the remaining time in Rel-16. Given the analysis, we see that PRACH should have the highest priority for most of the cases. In addition, when to trigger PRACH is in fact up to UE implementation. So, one simple way is to define that PRACH always has the highest priority. For certain triggering events that do not require PRACH to have the highest priority, the UE can still avoid it by triggering PRACH at a different time.

Proposal 3-9: For PRACH transmission overlapping with a high priority PUCCH/PUSCH transmission, PRACH is prioritized/transmitted, and the PUCCH/PUSCH is dropped.


PUCCH-BFR vs PUCCH/PUSCH

PUCCH-BFR could be a sort of dedicated SR resources used to indicate that beam failure has occurred on at least one Scell, where the SR/PUCCH-BFR is sent on the Pcell. Once it receives that indication, the gNB provides the UE with UL resources, and the UE reports via MAC CE the CC indices where beam failure has occurred. 
When there is a PUCCH-BFR transmission (on the Pcell), this transmission may overlap with a high priority transmission configured/scheduled on that Pcell. In this case, if the Scells where beam failure has occurred do not have high-priority data to be transmitted, the PUCCH-BFR should be dropped and the high-priority transmission gets prioritized/transmitted. If the Scells where beam failure has occurred also has high-priority data to be transmitted, then it is up to UE implementation which one between the PUCCH-BFR and the high priority transmission (on the Pcell) should be prioritized.

Proposal 3-10: When a PUCCH-BFR overlaps with a high-priority PUCCH/PUSCH transmission on the Pcell and beam failure has occurred on Scells that do not have high-priority data to be transmitted, the PUCCH-BFR is dropped. If the Scells where beam failure has occurred also have high-priority data to be transmitted, then it is up to UE implementation which one between the PUCCH-BFR and the high priority transmission (on the Pcell) should be prioritized. 
Discussion on the other issues related to intra-UE multiplexing/prioritization 
In this section, we will discuss the other issues which should be solved in Rel-16 related to intra-UE multiplexing/prioritization.
[bookmark: _Hlk21119336]Scenarios with more than two overlapping channels
Let us first consider the case where the more than two overlapping channels have the same (high/low) priority at PHY. In case of low priority channels, it has been agreed to reuse Rel-15 rules. On the other hand, if the channels are of high priority, new rules need to be defined. We next discuss these latter scenarios.
We here look at the scenario with more than two high-priority overlapping channels/resources where there is at least one HARQ-ACK. For this case, we can safely assume that at least one of the timeline conditions is satisfied; e.g. there should be enough time to prepare for the HARQ-ACK transmission. Define T_max to be the earliest timeline condition considering all the timeline conditions of the group of overlapping resources. The main motivation of defining T_max is to have a simple handling rule where, roughly speaking, before the beginning of T_max the UE can multiplex channels (if applicable) and after the beginning of T_max only prioritization decisions are possible. The proposed handling rule for the scenario under consideration is detailed as follows:
· Step 1. For the channels that PHY is aware of earlier than the starting point of T_max: first check overlapping PUSCH(s) and/or positive SR(s) and use the previously defined rule for these overlapping channels, i.e. the later one delivered from MAC is prioritized for PUSCH vs PUSCH and PUSCH vs SR. Then check if the resulting channel overlaps with HARQ-ACK, and if so, whether multiplexing is possible; the handling rules for such an overlapping case are provided earlier in this contribution. Note that the UE applies the above rule as late as possible but latest before the beginning of T_max. This allows PHY to be aware of all the channels that would come in before the beginning of T_max and thus avoids the need to make a checking/decision each time when there is a new channel that comes in.
· Step 2. For the channel(s) that PHY is aware of later than the starting point of T_max and that overlaps with the channel(s) resulting from the first step: check overlapping PUSCH(s) and/or positive SR(s) and prioritize the later one delivered from MAC. Then, if the resulting channel overlaps with HARQ-ACK, then the HARQ-ACK is dropped.

To better understand the above rule, we provide a simple example illustrated in Figure 3-3. In this example, there are three overlapping channels. Following the defined rule, first looking at the channels that PHY is aware of before T_max, in the first step the UE checks whether PUSCH and HARQ-ACK can be multiplexed. Suppose that PUSCH and HARQ-ACK can be multiplexed, then the resulting channel would be to multiplex HARQ-ACK on PUSCH. Then, in the second step of the rule, the SR (which is arriving after the starting point of T_max) is compared to the channel resulting from the first step. And since only prioritization (i.e. no multiplexing) decision is possible in the second step and SR is delivered later than the PUSCH’s MAC PDU, hence the SR is prioritized and the PUSCH (including HARQ-ACK) is dropped.
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Figure 3-3: example illustrating the scenario with more than two overlapping channels.
Proposal 3-11: For the scenario with more than two high priority overlapping channels/resources among which there is at least one HARQ-ACK, the following handling rule can be applied:
· Step 0. Define T_max to be the earliest timeline condition considering all the timeline conditions of the group of overlapping channels/resources.
· Step 1. For the channels that PHY is aware of earlier than the starting point of T_max: 
· First, check overlapping PUSCH(s) and/or positive SR(s) and use the defined rule for these overlapping channels, i.e. the later one delivered from MAC is prioritized (for PUSCH vs PUSCH and PUSCH vs SR). 
· Then, check if the resulting channel overlaps with HARQ-ACK, and if so, whether multiplexing is possible, where the proposed handling rules for such a case are used.
· The UE applies the above rule as late as possible but latest before the beginning of T_max.
· Step 2. For the channel(s) that PHY is aware of later than the starting point of T_max and that overlaps with the channel(s) resulting from the first step: 
· First, check overlapping PUSCH(s) and/or positive SR(s) and prioritize the later one delivered from MAC. 
· Then, if the resulting channel overlaps with a HARQ-ACK, the HARQ-ACK is dropped.

Let us now look at the case where the overlapping channels have a mix of high and low priorities. Given that there is only prioritization (i.e. no multiplexing) between channels of different priorities, when more than two channels overlap the following simple rule could be adopted: 
•	First, check the channels with the same priority and apply the proposed handling (i.e. multiplexing/prioritization) rules. 
•	Then, check if the remaining multiplexed/prioritized channels are overlapping, in which case the low priority channel is dropped.
Proposal 3-12: When more than two channels overlap, the following handling rule can be adopted:
· In the first step, check the channels with the same priority and apply the proposed handling (i.e. multiplexing/prioritization) rules. 
· In the second step, check if the remaining (multiplexed/prioritized) channels are overlapping, in which case the low priority channel is dropped.
Clearly in case all the overlapping channels are with the same priority, the first step is sufficient.

[bookmark: _Hlk21119457]Scenarios with carrier aggregation
In Section 3.2, the discussion has been focused on the scenarios where PUCCH and PUSCH are on the same carrier. In case with CA, Rel-15 has specified that the UCI is multiplexed in a PUSCH of the service cell with the smallest ServCellIndex subject to the conditions for UCI multiplexing being fulfilled. The rule can be applied in case all the involved channels are with the same priority. However, in case the channels are with different priority, if simultaneous PUCCH and PUSCH is not supported as in Rel-15, then following RAN1 agreement, only prioritization can be specified between PUCCH and PUSCH(s) with different priority. For example, in case the PUCCH over the primary cell is with high priority and all PUSCHs on the secondary cells are with low priority, all the PUSCHs on the secondary cells will be dropped which can lead to significant performance loss. Therefore, we see the need to support simultaneous transmission of PUCCH and PUSCH at least when they are on different cells. In this way, the UE can still transmit low priority PUSCH over secondary cells in case they are overlapping with high priority PUCCH on primary cell. 
[bookmark: _Hlk21353254]Proposal 3-13: Support simultaneous transmission of PUCCH and PUSCH at least for the case when PUCCH and PUSCH are transmitted on different cells. 
In our view, any UE that supports Rel-16 intra-UE multiplexing/prioritization rules should also support simultaneous transmission of PUCCH and PUSCH at least on different cells, otherwise the performance degradation could be significant for the scenarios with CA. We also do not see much practical concern on supporting it given that parallel PUSCH transmissions on different cells are already supported. Therefore, the UE behaviour is discussed below with the assumption that simultaneous transmission of PUCCH and PUSCH on different cells is supported. Considering the possible combinations of channels with different priorities, one way to handle the case is similar as the scenarios with more than two overlapping channels:
· in the first step, checking the channels over primary and secondary cells with the same priority and applying the proposed handling (i.e. multiplexing/prioritization) rules; 
· in the second step, checking if the multiplexed/prioritized remaining channels are overlapping in primary cell, in which case the low priority channel is dropped, while the PUSCHs on the secondary cells are transmitted.
[bookmark: _Hlk16844143]Based on the above discussion, we have:
Proposal 3-14: Assuming the support of simultaneous transmission of PUCCH and PUSCHs when PUCCH and PUSCHs are transmitted on different cells, the following rules can be applied:
· in the first step, checking the channels over primary and secondary cells with the same priority and applying the proposed handling (i.e. multiplexing/prioritization) rules. 
· in the second step, checking if the multiplexed/prioritized remaining channels are overlapping on primary cell, in which case the low priority channel is dropped, while the PUSCHs on the secondary cells are transmitted.
In case all the overlapping channels from all serving cells are with the same priority, the first step is sufficient.
Dropping behaviour

In case a low priority channel is dropped, one open issue is at which time instance the UE stops the transmission of the low priority one(s). Similar as the discussion in our companion contribution [4], the UE should cancel (including stopping) the transmission of the low priority channel as early as possible but no later than the first symbol of the high priority channel. The same principle can be applied in case a high priority channel is dropped due to the collision of two or more high priority channels.

Proposal 3-15: In case a UE drops the transmission of a channel due to collision with another channel, the UE cancels (including stopping) the transmission of the dropped channel as early as possible but no later than the first symbol of the other channel.

Ways to handle the dropped UCI

In the ongoing email discussion, there is one FFS point of “Resending HARQ-ACK or not after dropping”. In our view, in case UCI is dropped, there is no need to retransmission. The dropped UCI for example HARQ-ACK can be with high or low priority and there is no need to retransmit HARQ-ACK although this could lead to unnecessary retransmission.

Proposal 3-16: No retransmission of UCI is supported once the UCI is dropped.


Conclusion
[bookmark: _Hlk4360370]On the enhancement of HARQ-ACK in Section 2, we have the following observation and proposals:

Proposal 2-1: Support configurable sub-slot configurations (in addition to 2x7 and 7x2). A sub-slot configuration is configured as a set of sub-slot widths (in unit of OFDM symbols), adding up to 14. 

Proposal 2-2: A PUCCH resource set(s) can be configured for specific sub-slot indices. 

Proposal 2-3: To support Type-1 HARQ-ACK codebook in sub-slot-based feedback, the Rel-15 Type-1 HARQ-ACK codebook construction needs to be adapted for sub-slot unit operation, where a sub-slot might span less than a DL slot. In this case, the TDRA table is split into sub-tables prior to pruning, with each sub-table associated with a sub-slot. When an entry in the TDRA table spans multiple sub-slots, it associated with the sub-slot where the allocation of the entry starts (or ends). FFS on overhead reductions.

Proposal 2-4: When DCI format 1_2 and at least one of DCI formats 1_0/1_1 are configured in a way that they can be used to indicate the same Type-1 HARQ-ACK codebook the following changes are proposed: 
· The HARQ-ACK window is determined by combining the non-redundant entries in dl_DataToUL_ACK and dl-DataToUL-ACK-ForDCIFormat1_2. 
· For K1 values indicating that both DCI format 1_2 and 1_0/1_1 can be used, the two TDRA tables (pdsch-TimeDomainAllocationList and pdsch-TimeDomainAllocationList-ForDCIFormat1_2) are concatenated to form a single table prior to pruning. 
· For K1 values indicating that only DCI format 1_2 or 1_0/1_1 can be used, only the corresponding TDRA table is used for pruning.

Proposal 2-5: In case of sub-slot-based HARQ-ACK feedback without two priority levels, the case where a PUSCH overlaps with more than one HARQ-ACK is considered as a valid case.
· If a PUSCH overlaps with multiple HARQ-ACKs within which one or more HARQ-ACK transmissions satisfy the multiplexing timeline conditions, the earliest HARQ-ACK that satisfies the condition is multiplexed with PUSCH, and the other HARQ-ACKs are dropped.
· The HARQ-ACKs that do not satisfy the conditions for multiplexing with PUSCH are dropped.

Proposal 2-6: 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-TimeDomainAllocationList
· Dl_DataToUL-ACK
· UCI-OnPUSCH for Type 2 CG if Type 2 CG PUSCH priority overridden by the activating DCI is supported

Proposal 2-7: We propose that the above parameters to be separately configurable per HARQ-ACK codebook can be realized in R16 by the following changes and rules:  
· Introduce a new RRC parameter PDSCH-TimeDomainResourceAllocation-Tables of 1..2 PDSCH-TimeDomainAllocationList in PDSCH-Config, up to one per HARQ-ACK codebook priority. 
· If only one PDSCH-TimeDomainAllocationList is configured, this is applied for both HARQ-ACK codebook priorities.  
· Similarly, introduce a new RRC parameter pdsch-TimeDomainAllocationTables-ForDCIFormat1_2 to contain the TDRA tables used with DCI format 1_2.
· Introduce a new RRC parameter dl_DataToUL-ACK-List of 1..2 dl_DataToUL-ACK in PDSCH-Config, up to one per HARQ-ACK codebook priority.
· If only one dl_DataToUL-ACK is configured, this is applied for both HARQ-ACK codebook priorities. 
· Similarly, introduce a new RRC parameter dl_DataToUL-ACK-ForDCIFormat_1_2-List is introduced.
· If Type 2 CG PUSCH priority overridden by the activating DCI is supported, introduce a new RRC parameter UCI-OnPUSCH-List of 1..2 UCI-OnPUSCH in ConfiguredGrantConfig, up to one per HARQ-ACK codebook (or equivalently, per priority).
· Only one is configured for Type 1 CG.
· Up to two is configured for Type 2 CG. If only one entry is configured, this is applied for both PUSCH priorities.

Proposal 2-8: The following parameters, which are included in R15 PUCCH-Config, should not be separately configurable for different HARQ-ACK codebook procedures:
· Multi-CSI-PUCCH-ResourceList
· SchedulingRequestConfig

Proposal 2-9: No need to extend the value range of dl_DataToUL_ACK.

Proposal 2-10: HARQ-ACK codebook procedure can 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 new DCI format 1_2. 
· If the new field is not configured, low priority is assumed.
· DCI format 1_0 implies low priority.

Proposal 2-11: Support overwriting the 2-level priority of HARQ-ACK codebook for SPS PDSCH in case the activating DL DCI format with CRC scrambled with CS-RNTI includes an indication of the HARQ-ACK codebook priority. 


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

Proposal 3-1: For DG PUSCH, the PUSCH priority at PHY can be indicated by an explicit field in the DL assignment. This field can be configured to be present in DCI format 0_1 and 0_2. 
· If the new field is not configured, low priority is assumed.
· DCI format 0_0 implies low priority.

Proposal 3-2: RAN1 supports overwriting the 2-level priority information of Type 2 CG PUSCH in case the activating DL DCI includes an indication of the PUSCH priority.

Proposal 3-3: Re-use the Rel-15 rules to handle the overlap between a high priority SR and a high priority HARQ-ACK in case the Rel-15 timeline condition is satisfied.
Proposal 3-4: In contrast to Rel-15 NR, the case where the timeline condition for overlapping high priority SR and high priority HARQ-ACK is not satisfied is considered as a valid case. For this case, high priority positive SR gets prioritized/transmitted and high priority HARQ-ACK is dropped.
Proposal 3-5: In case of collision between high priority SR and high priority PUSCH, the later one delivered from MAC (SR or MAC PDU) has higher priority at PHY, to follow the prioritization decision outcome at MAC layer. 
Proposal 3-6: Multiplexing high priority HARQ-ACK with high priority PUSCH in case the processing timeline is satisfied, otherwise, high priority HARQ-ACK is dropped. 
Proposal 3-7: In case of collision between two high priority PUSCHs (DG or CG), the PUSCH with MAC PDU that is delivered later from MAC to PHY has higher priority and is transmitted, and the earlier PUSCH from MAC is dropped.

Proposal 3-8: SRS is treated as low priority. It is dropped when it overlaps with a high priority transmission.

Proposal 3-9: For PRACH transmission overlapping with a high priority PUCCH/PUSCH transmission, PRACH is prioritized/transmitted, and the PUCCH/PUSCH is dropped.

Proposal 3-10: When a PUCCH-BFR overlaps with a high-priority PUCCH/PUSCH transmission on the Pcell and beam failure has occurred on Scells that do not have high-priority data to be transmitted, the PUCCH-BFR is dropped. If the Scells where beam failure has occurred also have high-priority data to be transmitted, then it is up to UE implementation which one between the PUCCH-BFR and the high priority transmission (on the Pcell) should be prioritized. 

Proposal 3-11: For the scenario with more than two high priority overlapping channels/resources among which there is at least one HARQ-ACK, the following handling rule can be applied:
· Step 0. Define T_max to be the earliest timeline condition considering all the timeline conditions of the group of overlapping channels/resources.
· Step 1. For the channels that PHY is aware of earlier than the starting point of T_max: 
· First, check overlapping PUSCH(s) and/or positive SR(s) and use the defined rule for these overlapping channels, i.e. the later one delivered from MAC is prioritized (for PUSCH vs PUSCH and PUSCH vs SR). 
· Then, check if the resulting channel overlaps with HARQ-ACK, and if so, whether multiplexing is possible, where the proposed handling rules for such a case are used.
· The UE applies the above rule as late as possible but latest before the beginning of T_max.
· Step 2. For the channel(s) that PHY is aware of later than the starting point of T_max and that overlaps with the channel(s) resulting from the first step: 
· First, check overlapping PUSCH(s) and/or positive SR(s) and prioritize the later one delivered from MAC. 
· Then, if the resulting channel overlaps with a HARQ-ACK, the HARQ-ACK is dropped.

Proposal 3-12: When more than two channels overlap, the following handling rule can be adopted:
· In the first step, check the channels with the same priority and apply the proposed handling (i.e. multiplexing/prioritization) rules. 
· In the second step, check if the remaining (multiplexed/prioritized) channels are overlapping, in which case the low priority channel is dropped.
Proposal 3-13: Support simultaneous transmission of PUCCH and PUSCH at least for the case when PUCCH and PUSCH are transmitted on different cells. 
Proposal 3-14: Assuming the support of simultaneous transmission of PUCCH and PUSCHs when PUCCH and PUSCHs are transmitted on different cells, the following rules can be applied:
· in the first step, checking the channels over primary and secondary cells with the same priority and applying the proposed handling (i.e. multiplexing/prioritization) rules. 
· in the second step, checking if the multiplexed/prioritized remaining channels are overlapping on primary cell, in which case the low priority channel is dropped, while the PUSCHs on the secondary cells are transmitted.

Proposal 3-15: In case a UE drops the transmission of a channel due to collision with another channel, the UE cancels (including stopping) the transmission of the dropped channel as early as possible but no later than the first symbol of the other channel.

Proposal 3-16: No retransmission of UCI is supported once the UCI is dropped.
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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.

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

Agreements: (RAN1#98)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, following can be separately configured for different HARQ-ACK codebooks:
· PUCCH-SpatialRelationInfo
· Sub-slot configuration (only applied for the sub-slot-based HARQ-ACK codebook)
· FFS whether or not to support the case when there are at least two HARQ-ACK codebooks configured with sub-slots, with the same or different sub-slot configurations

Agreements: (RAN1#98)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.

Agreements: (RAN1#98bis)
Any sub-slot PUCCH resource is not across sub-slot boundaries. 

Agreements: (RAN1#98bis)
Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 
· Note: This does not preclude possibility of extending it in future releases.
An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release
· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats

Agreements: (RAN1#98bis)
R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.
· Both are slot-based.
· Both are sub-slot-based

Agreements: (RAN1#98bis)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, PDSCH-HARQ-ACK-Codebook is separately configured.

Agreements: (RAN1#98bis)
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, at least the followings are separately configured.
· For DG
· UCI-OnPUSCH
· For CG
· FFS
· codeBlockGroupTransmission
· FFS K1


B. Relevant RAN1/RAN2 agreements on intra-UE multiplexing/prioritization
RAN1#98
Agreements:
Reuse the R15 mechanism for the following scenarios:
· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)
· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.
· FFS SR with HARQ-ACK in PF 2, 3, 4
· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met
· To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)

Agreements:
In case URLLC (i.e., high priority) HARQ-ACK collides with eMBB (i.e., low priority) SR, down-select from options below (to conclude RAN1#98b):
· Option 1: Drop eMBB SR
· Option 2: Multiplex URLLC HARQ-ACK and eMBB SR if the multiplexing rule is met. Otherwise, drop eMBB SR. 
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· PUCCH formats
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) SR, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK 
· Option 2: Multiplex eMBB HARQ-ACK and URLLC SR if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· PUCCH formats, e.g. SR on PF0 collides with HARQ-ACK on PF1/3/4
· FFS: Resending HARQ-ACK or not after dropping.
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) HARQ-ACK, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK. 
· Option 2: Multiplex eMBB HARQ-ACK and URLLC HARQ-ACK if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· Pre-defined rules or configurable rules or dynamically-indicated multiplexing
· FFS: Resending HARQ-ACK or not after dropping.
FFS details in case of a channel/signal being dropped in handling of collision of UL channels/signals
High proriorty vs. low priority HARQ-ACK is made known at the PHY layer (note: for SR, it’s agreed earlier)

RAN2#107
PUSCH vs. SR
· If PUCCH resource for an SR’s transmission occasion overlaps a UL-SCH resource, SR’s transmission is allowed based on a comparison of priority of the LCH that triggered the SR and a priority value for the UL-SCH resource, if the priority of the LCH that triggered the SR is “high” (FFS).  Priority value of the UL-SCH resource is FFS
· If an SR was triggered before MAC PDU assembly and PUCCH resource for the SR’s transmission occasion conflicts with UL-SCH resource of the MAC PDU, and the UL-SCH transmission is deprioritized, a MAC PDU will not be generated. (conflict = they cannot both be transmitted)

RAN2#107bis
LCP restriction DG
· R2 think it would be useful to introduce a new LCP restriction in the following way: The DCI that is scheduling PUSCH may include a specific indication. LCH configuration in RRC contains information on whether the LCH can utilize grant with this indication or not. R2 intends that this mechanism can be used to differentiate grants for traffic that requires high reliability.
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