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[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 [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 the enhancements for HARQ-ACK feedback following the agreements in the study item phase, including both 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 and the corresponding HARQ-ACK feedback procedure. The discussion is extended to cover the reset of open issues rising from intra-UE prioritization/multiplexing especially on the scenarios where there is resource collision between UL data/control and control/control.
Enhanced HARQ-ACK Feedback
During the study item phase, the following has been agreed for enhanced HARQ-ACK feedback:
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:
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

Two aspects of HARQ-ACK feedback enhancements have been agreed to be specified:
· 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.

In terms of how to enable more than one PUCCH for HARQ-ACK in a slot, different approaches were summarized in [4] as follows:
	How to support multiple PUCCHs for HARQ-ACK within a slot?	
· Opt.1: Sub-slot-based HARQ-ACK feedback procedure 
· Considered by: QC, DCM, MTK, CATT, LGE, Pana, Intel, OPPO, vivo, Sony, Sequens, InterDigital, CAICT
· Opt.2: PDSCH grouping
· Considered by: ZTE, E///, LGE, Pana, Fujitsu, WILUS
· Opt.2a: PDSCH grouping with explicit indictor (e.g. in DCI or RRC signaling)
· Considered by: ZTE
· Opt.2b: Implicit PDSCH grouping based on L1 parameters, e.g. PRI, type of PDSCH
· Considered by: ZTE, Fujitsu
· Opt.2c: Implicit PDSCH grouping based on RRC parameters (K1 set, SLIV, CC set, etc.)
· Considered by: HW
· [bookmark: _Hlk4192816]Opt.2d: Implicit PDSCH grouping based on PUCCH resource configurations and processing timeline (for Type I and Type II codebook)
· Considered by: E/// , Fujitsu
· Opt.2e: Implicit PDSCH grouping based on DCI format or RNTI
· Considered by: ZTE
· Opt.3: Combination of Opt.1 and Opt.2 (PDSCH grouping for differentiating eMBB/URLLC HARQ-ACK codebooks)
· Considered by: HW, Nokia, Pana
· And “Codebook-less HARQ” was proposed as a complementary to one of Options 1-3
· Considered in combination with Option 3 by MTK: HARQ process ID selects HARQ procedure. K1 selects half-slot. Specific value of K1 selects codebook-less HARQ.
· Considered in combination with Option 2 by WILUS: K1 selects slot; PDSCH group indication is FFS.  



For identifying a HARQ codebook/procedure when multiple simultaneous codebooks are constructed, the options are listed as follows [4]:
	How to identify a HARQ-ACK codebook/procedure (for eMBB or URLLC)?
· Opt.1: By DCI format
· Considered by: MTK, Samsung, Sony, Sony, Spreadtrum, Para
· Opt.2: By RNTI
· Considered by: E///, MTK, CATT, LGE, OPPO, Sony, Spreadtrum, InterDigital, Sony, Sharp, Para
· Opt.3: By PDSCH grouping
· Considered by: Nokia, Pana
· Opt.4: Explicit indication in DCI
· Considered by: MTK, LGE, InterDigital, Samsung, Moto, Para
· Opt.5: By search space properties
· Considered by: E///, MTK, CATT, LGE, InterDigital
· Opt.6: By HARQ process ID grouping
· Considered by: MTK
· Opt.6: By PDSCH duration
· Considered by: Sharp



There can be potentially interaction between the two aspects, especially e.g. if PDSCH grouping is used to support multiple PUCCHs for HARQ-ACK within a slot. In the summarized options for multiple PUCCHs for HARQ-ACK, some of them already consider multiple HARQ-ACK codebooks/procedures. For example,
· For Opt. 2 PDSCH grouping, some of the listed alternatives are only applicable when different service types are considered, and not applicable when there is URLLC traffic only. This includes opt. 2b/2c/2e, where K1, SLIV, RNTI, DCI format, PDSCH type, and/or search space properties are used for identifying different PDSCH groups, while these properties are the ones that can be potentially used to identify different service types. This is exactly why these options are also listed for the identification of a HARQ-ACK codebook/procedure.
· Opt. 3 (Combination of Opt.1 and Opt.2) is really an approach that address both aspects, where sub-slot-based approach is used to support multiple PUCCH for HARQ-ACK, and PDSCH grouping is used on top to identify a HARQ-ACK codebook/procedure.
However, we should note that the final solution should be able to support any of the following cases:
· [bookmark: _Hlk4279088]Case 1: Multiple PUCCHs for HARQ-ACK within a slot when the UE has URLLC traffic only.
· Case 2: Two separate codebooks/procedures for eMBB and URLLC when the UE has the mixed traffic, and both eMBB and URLLC traffic follow slot-based HARQ-ACK feedback procedure in Rel-15.
· Case 3: Two separate codebooks/procedures for eMBB and URLLC when the UE has the mixed traffic, and eMBB and URLLC follows different HARQ-ACK feedback procedure (e.g. eMBB follows Rel-15, while URLLC follows the new procedure that supports multiple PUCCHs for HARQ-ACK within a slot.)
In Sections 2.1, we discuss the solutions for case 1, focusing on a single traffic type. In Section 2.2, we discuss the handling of a UE with mixed eMBB and URLLC traffic, including both case 2 and case 3.
Support of multiple PUCCHs for HARQ-ACK within a slot for a single traffic type
Since we focus on support of multiple PUCCHs for HARQ-ACK within a slot for a single traffic type only, the list of options is reduced (compared to what is summarized in [4]):
· Option I: sub-slot-based HARQ-ACK feedback procedure
· Option II: PDSCH grouping
· Option II-1: By explicit field in DCI
· HARQ-ACK for PDSCHs with DCIs indicating the same group ID are multiplexed together for transmission.
· Option II-2: By PRI
· HARQ-ACK for PDSCHs with DCIs indicating the same PRI are multiplexed together for transmission. No or much less flexibility in PUCCH resource overriding.
· Option II-3: By PUCCH resource configurations and processing timeline [5]
For Option I (sub-slot-based HARQ-ACK feedback), and the HARQ-ACK codebook determination and PUCCH resource overriding reuse Rel-15 mechanisms, by replacing slots with sub-slots. This is illustrated in Figure 2-1. The exact K1 and PRI indication methods can be discussed further as one of the detailed aspects for the solution. 
[image: ]
Figure 2-1 Illustration of sub-slot-based HARQ-ACK feedback (Option I)

Other details that need to be discussed for sub-slot-based HARQ-ACK feedback approach include e.g.:
· Whether PUCCH is allowed to cross sub-slot boundary
· PUCCH should be allowed to go cross sub-slot boundary, especially if the sub-slot duration is small. It also seems that there may be not 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.
· PDSCH should not be restricted by the sub-slot boundary.
· How many sub-slots in a slot and the sub-slot definition
· A fixed number of sub-slots (e.g. 2 or 4) can be restrictive. If the numbers and patterns are to be pre-defined, multiple number of sub-slots per slot are needed, which should include at least 2 and 4. Configurable number of sub-slots and the corresponding sub-slot definition would provide all the flexibility.
· Indication of K1 and PRI (PUCCH resource indicator)
· One way is to follow the definition of K1 and PRI in Rel-15. The alternative is to use sub-slot as the unit for K1, and PRI is indicated relative to the sub-slot boundary. When the two approaches are used to cover the same time range and PUCCH resources, Rel-15 approach would result in higher RRC overhead because more entries are needed for the PRI table. However, they would result in similar overhead in DCI, as it is mainly re-distribution of the number of bits in two fields. If sub-slot sizes vary, using Rel-15 definition of K1 and PRI may provide a bit more flexibility in PUCCH resource configuration.

For Option II (PDSCH grouping), a PDSCH grouping indication can be provided or derived, so that the R15 scheme for semi-static/dynamic HARQ-ACK codebook determination and overriding of PUCCH resource is reused within each PDSCH group. As long as the PUCCHs for different PDSCH groups do not overlap in time, they can all be potentially transmitted. The number of PDSCH groups would govern how many PUCCHs can be potentially supported in a slot.
Option II-1 uses an explicit field in DCI to indicate the group. An example is illustrated in Figure 2-2. 
[image: ]
Figure 2-2 Illustration of PDSCH grouping based HARQ-ACK feedback (Opt. II-1)
Option II-2 uses the PRI to group PDSCH, i.e., the HARQ-ACK bits for PDSCHs with DCIs indicating either the same PRI or the same PUCCH resource are multiplexed together into the same codebook. If it requires the same PUCCH resource, it is no longer possible to override PUCCH resource any more. If it requires the same PRI, overriding would only be possible with the same PRI index pointing to a different PUCCH resource set for larger payload size. Either way it seems too restrictive.
Option II-3 was proposed in [5], with an example illustrated in Figure 2-3. Even though it was presented as a sub-slot-based approach, it seems to belong more to PDSCH grouping because PDSCHs are divided into two groups, and the time boundary between the two groups are determined by the first configured PUCCH resource in a slot minus the minimum PDSCH processing time N1. Some details still need to be clarified about the approach, but it seems that:
· It can only support two PUCCHs carrying HARQ-ACK in a slot.
· Boundary determined based on the first configured PUCCH resource makes sense for some slots, but it would not make sense for the slots where the first configured PUCCH resource is not valid (e.g. when they fall into DL symbols in TDD).
· The PDSCH groups are determined based on the first configured PUCCH resource, however, there does not seem to be any restriction on the PUCCH resource that the first PDSCH group can point to (e.g. it can point to a PUCCH resource towards the end of the slot), so there seems to be some disconnection between the two aspects.
· Whatever can be achieved by this approach can be equally achieved by implementation (i.e. providing proper signaling to the UE) using Option I or Option II-1.
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Figure 2-3 Illustration of Option II-3 (Figure 1 from [5])
With the above analysis, Option I and Option II-1 appear to be the more promising candidates. Function-wise, both options can be used to achieve the same purpose. Even from DCI overhead point of view, the two should be similar. As an example, for two sub-slots in a slot,
· Option I e.g. has K1 indicated on sub-slot-level (e.g. 2 bits, {0, 1, 2, 3}), and PRI indicated one of the PUCCH resources within a sub-slot (e.g. 2 bits, 4 PUCCH resources per sub-slot).
· Option II-1 e.g. has a PDSCH group indicator (1 bit, {0, 1}), K1 indicated on slot-level (1 bit, {0, 1}), and PRI indicated one of the PUCCH resources within a slot. But it can have PUCCH resource set being configured per PDSCH group, therefore each group can have 4 resources configured, which means 2 bits for PRI. So it still requires a total of 4 bits, same as Option I.
But from specification impact point of view, Option I may have less impact, as it is a relatively straightforward extension of Rel-15 procedure. Option II-1 has more flexibility, in the sense that it does not have sub-slot defined, and the grouping is purely based on dynamic signaling. But it is unclear whether this kind of flexibility provides additional benefit. On the other hand, this could potentially mean more specification impact, depending on e.g. whether to allow the multiple PUCCHs to overlap within a slot, and if yes, how to handle them. Therefore, we propose:
Proposal 2-1: For the support of multiple PUCCHs carrying HARQ-ACK within a slot for the same traffic type, Option I (sub-slot-based HARQ-ACK feedback procedure) is adopted.

Support of HARQ-ACK feedback for mixed URLLC and eMBB traffic in a UE
Section 2.1 discussed different options for supporting multiple PUCCHs for HARQ-ACK in a slot, which is considered necessary for supporting URLLC. However, the discussions do not address the issue of how to handle the HARQ-ACK feedback for mixed URLLC and eMBB traffic. The agreements in RAN1-AH-1901 allows the construction of two HARQ-ACK codebooks simultaneously, intended for different service types. But all the details are still open. 
Here we first look at different options to identify a HARQ-ACK codebook/procedure, when multiple codebooks are constructed for different service types. All these can be considered as PDSCH grouping, and the PDSCHs in the same group belongs to the same HARQ-ACK codebook and follow the same procedure.
· 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 regular 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 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 also result in an increase in the number of DCI sizes and the number of CCEs/BDs for PDCCH monitoring.
· By RNTI
· This would be applicable more to the cases when different traffic types use the same DCI format with the same size (otherwise the differentiation can be already be done using DCI format/size).
· In case MCS-C-RNTI is used 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 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.
· By search space properties
· One such example is that one search space set is configured to support eMBB (e.g. at the beginning of a slot), and another search space set is configured to support URLLC (e.g. more than 1 monitoring occasion within a slot). 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 unnecessary scheduling constraint, and it can potentially increase the number of CCEs/BDs that a UE needs to monitor.
· 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) to identify a HARQ-ACK codebook/procedure is based on the assumption that only URLLC uses fast HARQ-ACK feedback, while eMBB always uses longer HARQ-ACK feedback delay. However, this assumption is not really true, because eMBB can also use fast HARQ-ACK feedback delay as long as the UE has the processing capability. Tying the HARQ-ACK feedback timing with the codebook/procedure introduces unnecessary scheduling constraint.
· By an explicit field in DCI
· Using an explicit field in DCI provides most flexibility because it introduces no additional constraint at all. Of course the cost is the additional overhead in DCI. If two codebooks are supported, this means one extra bit in DCI.
With the above analysis, we prefer to use an explicit field in the DCI to indicate the codebook/procedure due to its maximum flexibility. It is one extra bit in DCI if two codebooks are supported. In case more than two codebooks are desirable (the necessity still needs to be discussed), this approach can be easily extended just by adding more bit(s).
Proposal 2-2: An explicit field (configurable) is added in the DL assignment to indicate which codebook/procedure the corresponding HARQ-ACK bit should follow.

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, 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.
· In this case it makes sense e.g. for eMBB traffic to follow Rel-15 HARQ-ACK feedback procedure, and URLLC can follow either Rel-15 procedure or the newly defined procedure for multiple PUCCHs per slot when necessary.
· The drawback is that whenever an overlap occurs, eMBB HARQ-ACK bits would be dropped, which impacts 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 2-3: 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

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.
Proposal 2-4: In case the transmissions of two HARQ-ACK codebooks overlap in time and the transmission of one codebook needs to be dropped, the signaling that identifies the HARQ-ACK codebook/procedure is also used to determine the priority of the HARQ-ACK bits in dropping.

Other UL intra-UE multiplexing and prioritization issues
HARQ-ACK multiplexing and prioritization for URLLC traffic and eMBB traffic has been discussed in Section 2.2. The remaining multiplexing and prioritization issues include: (1) UL resource conflict between control channel and control channel other than the case considered in Section 2.2, and (2) UL resource conflict between control channel and data channel, which are referring as Scenario 4 and 5 respectively during NR Rel-16 IIoT SI phase.  

Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
In this scenario, a UE needs to conduct uplink transmission of control information such as SR, HARQ-ACK and CSI associated with a prioritized traffic at the same time as the uplink transmission of control information for other traffics with lower priority levels. Prioritization/multiplexing needs to be considered in order to guarantee the latency and reliability performance for URLLC traffic. 
Considering the simultaneous various traffic types at UE side, RAN1 should investigate further whether the current specified ways of prioritization/multiplexing of different UL control channels are sufficient or not. This is because according to Rel-15 specification, there is no differentiation in UL control channels for different traffic types, and the uplink control information is handled in the same way independent of traffic types. In the following we will discuss the cases of resource conflict of scenario 4 considering different traffic types.
Necessity of SR priority
In this subsection, firstly we will discuss the necessity to introduce the SR priority. One example is that according to Rel-15 NR operation, in case positive SR with Format 0 PUCCH is colliding with Format 1 PUCCH carrying HARQ-ACK (length 4-14 OFDM symbols), SR is dropped. Therefore, the overall data communication latency will be increased since UE has to send SR in the next opportunity. In case the priority of SR can be known at PHY, then it is possible that HARQ-ACK can be dropped or multiplexed with SR together which is not doable without the priority information. As another example to show the necessity of SR priority, in Rel-15, in case SR is conflicting with PUSCH carrying UL-SCH, SR is dropped. Certainly, this will introduce additional latency. In case SR priority is known at PHY, the SR can be multiplexed with PUSCH by e.g. puncturing which will lead to improved latency performance. Without introducing SR priority, such multiplexing cannot be efficiently supported. SR priority could potentially be useful in determining whether to multiplex SR with other UCI control information as discussed below. Therefore, in our opinion, SR priority information should be known at PHY.
There are two different ways to get the SR priority information:
· MAC layer passes down the SR priority information together with the SR transmission request to PHY.
· A natural way to define SR priority in RAN2 is to use the priority of the LCH configuration associated with SR.
· SR priority is defined in PHY using some pre-defined rules based on SR configuration e.g. its periodicity and/or duration.
Proposal 3-1: SR priority (e.g. high or low priority) should be known at PHY. FFS whether the priority information is from MAC layer or based on SR configurations.
Necessity of CSI priority
For periodic CSI (P-CSI), we do not see the need to define different priority levels. P-CSI generally speaking does not have low latency and/or high reliability requirements, even if it is configured for URLLC traffic.
Proposal 3-2: Do not introduce different priority levels for CSI report.
In the following we will discuss the different scenarios with resource conflict between control channels (other than HARQ-ACK colliding with HARQ-ACK).
High priority SR vs high priority HARQ-ACK
For SR, it would make sense to at least allow high priority SR to be multiplexed together with the high priority HARQ-ACK on PUCCH, because (1) high priority SR (intended for some URLLC traffic) is intended to have low latency requirement; (2) SR is a single bit, and existing multiplexing mechanism can be reused without affecting reliability much.  In case SR cannot be multiplexed with HARQ-ACK e.g. due to PUCCH formats as discussed above, high priority SR can be prioritized.
High priority SR vs low priority HARQ-ACK
The simplest solution is that high priority SR should be prioritized and sent, and the low priority HARQ-ACK will be dropped which could lead to unnecessary retransmission. In case the latency and reliability are not problematic, high priority SR can be multiplexed with low priority HARQ-ACK. 
High priority HARQ-ACK vs low priority HARQ-ACK, SR
· High priority HARQ-ACK vs low priority HARQ-ACK
The prioritization and multiplexing of high priority and low priority HARQ-ACK has already been discussed in section 2.2. 
· High priority HARQ-ACK vs low priority SR
In this case, low priority SR could be dropped when it overlaps with HARQ-ACK of high priority to avoid any unnecessary retransmission and reliability performance degradation due to multiplexing. 
High priority HARQ-ACK/SR vs CSI
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. 
Proposal 3-3: For the multiplexing and prioritization among UCIs, use the following rules as the starting point:
· High priority HARQ-ACK and high priority SR can be multiplexed on the same PUCCH.
· Periodic CSI is not multiplexed with high priority HARQ-ACK/SR on a PUCCH.
· In case of prioritization, priority rule for the UCI is defined as: high priority HARQ-ACK/SR > regular HARQ-ACK/SR > P-CSI.

Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
In scenario 5, a UE needs to conduct uplink transmission of control information such as SR, HARQ feedback and CSI associated with a prioritized traffic at the same time as the uplink transmission of data for other traffics. Prioritization needs to be considered in order to guarantee the latency and reliability performance for URLLC traffic. If PUCCH overlaps with PUSCH, the question is whether to multiplex UCI on PUSCH, or to prioritize one channel over the other. Taking similar method as scenario 4, we will look at the typical cases of resource conflict between control channel and data channel.

High priority HARQ-ACK vs PUSCH with or without UL-SCH
In case of resource conflict between high priority HARQ-ACK and PUSCH with UL-SCH, Rel-15 principle of UCI multiplexing in PUSCH can be applied here. More specifically UCI carrying high priority HARQ-ACK can be multiplexed with PUSCH. The reliability of HARQ-ACK can be guaranteed by properly indicating beta_offset value. It should also have minimum impact on the HARQ-ACK delay in case of no frequency hopping because HARQ-ACK is mapped to the REs towards the beginning of the PUSCH transmission. On the other hand, if frequency hopping is used for PUSCH, there could be some impact on HARQ-ACK delay due to the RE mapping of HARQ-ACK on the two frequency hops. How to handle the case with frequency hopping should be investigated further.
The same handling can be applied to the case where PUSCH is without UL-SCH as well. 
High priority SR vs PUSCH with or without UL-SCH 
As discussed earlier, 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 high priority SR. Similar as high priority HARQ-ACK, the high priority positive SR should be multiplexed with PUSCH. Such multiplexing is not supported in Rel-15 and the details need to be studied further.
The same handling can be applied to the case where the resource of high priority SR is conflicting with the resource of PUSCH without UL-SCH. 
Low priority HARQ-ACK vs PUSCH with UL-SCH
Certainly, Rel-15 procedure of multiplexing HARQ-ACK with PUSCH can be applied in case the PUSCH is carrying low priority data. While in case the PUSCH is carrying high priority data, whether HARQ-ACK should be multiplexed with PUSCH or dropped needs further study considering for example the potential performance degradation on high priority PUSCH. This is also one of the factors that affects whether priority definition for PUSCH should be introduced or not.
Low priority SR vs PUSCH with UL-SCH
In case of the resource of low priority SR conflicting with PUSCH with UL-SCH, PUSCH should be prioritized and the transmission of low priority SR can be dropped to avoid any potential negative impacts on PUSCH. This is exactly the same as the current Rel-15 UE behaviour.
Low priority HARQ-ACK vs PUSCH without UL-SCH
In this case we do not see the need to change Rel-15 UE behaviour, i.e. HARQ-ACK can be multiplexed with PUSCH without UL-SCH.
Low priority SR vs PUSCH without UL-SCH
In our view, there is no need to change Rel-15 UE behaviour in this case either. That is to say, PUCCH with positive SR will be transmitted and the UE does not transmit the PUSCH.
The above discussions are summarized in Table 3-1.
Table 3-1: summary of resource conflict between control channel and date channel
	
	PUSCH with UL-SCH
	PUSCH w/o UL-SCH

	High priority HARQ-ACK
	Multiplexing 
FFS the handling in case FH is used for PUSCH

	Multiplexing 
FFS the handling in case FH is used for PUSCH

	High priority SR
	Multiplexing (details to be defined)
(SR is dropped in Rel-15)
	Multiplexing (details to be defined)
(SR is transmitted and PUSCH is dropped in Rel-15)

	Low priority HARQ-ACK
	FFS the handling and whether PUSCH priority is needed in this case
	Multiplexing
(according to Rel-15)

	Low priority SR
	Dropping SR
(according to Rel-15)
	SR is transmitted
(according to Rel-15)

	P-CSI
	Multiplexing
(according to Rel-15)
	PUSCH is transmitted
(according to Rel-15)



Note that the above discussions do not consider the processing timeline for multiplexing. For the cases where multiplexing is supported, it can still happen that multiplexing cannot be done due to timeline restriction. For these cases, prioritization would still be necessary, and additional priority rules (including the possibility of defining PUSCH priority) would be needed.

Based on the above discussions, we have:
Proposal 3-4: For the multiplexing and prioritization between UCI and PUSCH, use the following rules as a starting point:
· High priority HARQ-ACK and/or high priority SR can be multiplexed with PUSCH with or without UL-SCH.
· FFS the handling in case frequency hopping is used for PUSCH
· FFS how SR is multiplexed with PUSCH
· Low priority SR and P-CSI vs PUSCH can be handled in the same way as specified in Rel-15.
· Support of PUSCH priority at PHY is FFS, which should also consider the processing timeline.

Conclusion
On HARQ feedback enhancements in Section 2, we have the following observation and proposals:
[bookmark: _Hlk4360370]Proposal 2-1: For the support of multiple PUCCHs carrying HARQ-ACK within a slot for the same traffic type, Option I (sub-slot-based HARQ-ACK feedback procedure) is adopted.
Proposal 2-2: An explicit field (configurable) is added in the DL assignment to indicate which codebook/procedure the corresponding HARQ-ACK bit should follow.
Proposal 2-3: 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 2-4: In case the transmissions of two HARQ-ACK codebooks overlap in time and the transmission of one codebook needs to be dropped, the signaling that identifies the HARQ-ACK codebook/procedure is also used to determine the priority of the HARQ-ACK bits in dropping.
On UL intra-UE multiplexing and prioritization in Section 3, we have the following proposals:
Proposal 3-1: SR priority (e.g. high or low priority) should be known at PHY. FFS whether the priority information is from MAC layer or based on SR configurations.
Proposal 3-2: Do not introduce different priority levels for CSI report.
Proposal 3-3: For the multiplexing and prioritization among UCIs, use the following rules as the starting point:
· High priority HARQ-ACK and high priority SR can be multiplexed on the same PUCCH.
· Periodic CSI is not multiplexed with high priority HARQ-ACK/SR on a PUCCH.
· In case of prioritization, priority rule for the UCI is defined as: high priority HARQ-ACK/SR > regular HARQ-ACK/SR > P-CSI.
Proposal 3-4: For the multiplexing and prioritization between UCI and PUSCH, use the following rules as a starting point:
· High priority HARQ-ACK and/or high priority SR can be multiplexed with PUSCH with or without UL-SCH.
· FFS the handling in case frequency hopping is used for PUSCH
· FFS how SR is multiplexed with PUSCH
· Low priority SR and P-CSI vs PUSCH can be handled in the same way as specified in Rel-15.
· Support of PUSCH priority at PHY is FFS, which should also consider the processing timeline.
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