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Work Items on physical layer enhancements for NR URLLC [1] and support for industrial IoT [2] were approved at RAN#83. The objectives of these WIs include specifying UCI enhancements for a UE that supports different service types. Several agreements related to HARQ-ACK reporting were reached in RAN1#96bis.
This contribution provides several proposals to make further progress on HARQ-ACK reporting (section 2) and on how to specify handling of resource collisions between UL data/control transmissions (section 3).
HARQ-ACK reporting
This section addresses the following objective:
	· 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



Details of sub-slot-based HARQ-ACK feedback procedure
In RAN1#96bis, it was agreed to introduce a notion of “sub-slot” for the support of multiple PUCCHs for HARQ-ACK within a slot (see Appendix). The concept facilitates reuse of R15 principles for codebook construction (at least for Type 2) and PUCCH resource overriding, where a “sub-slot” replaces a slot. The variable K1 is also (re)defined in unit of sub-slot. Several points were left FFS, and are addressed in the following.
In R15, the slot in which the corresponding HARQ-ACK is reported is counted from the slot in which PDSCH reception ends. The same principle should be used in case a PDSCH spans the duration of multiple sub-slots. This means that HARQ-ACK is reported K1 sub-slots after the sub-slot in which the last symbol of the corresponding PDSCH is present (using the SCS of UL).
Proposal 1: For sub-slot-based HARQ-ACK feedback, HARQ-ACK information for a PDSCH reception ending in sub-slot N is reported in sub-slot N+K1.
In RAN1#96bis it was agreed that the number of UL sub-slots in a slot is UE-specifically semi-statically configured. It would make sense that the maximum number of sub-slots be tied to the periodicity of PDCCH monitoring occasions to support latency requirements of URLLC services. Such periodicity can be as low as 2 symbols. It should also be considered that for PUSCH, configured grant periodicity as low as 2 symbols is supported. Therefore, the minimum duration of a sub-slot should be set to 2 symbols, allowing up to 7 sub-slots per slot.
Proposal 2: The maximum number of sub-slots per slot is 7.
In case the duration of a sub-slot would be configured to 2 symbols, forbidding PUCCH to cross a sub-slot boundary would limit its duration to 2 symbols. This may restrict excessively the coverage of URLLC services. Unless severe problems are identified, it is recommended to not impose such restriction. In case of overlap between two PUCCH resources with HARQ-ACK, one of the resources can be dropped according to a prioritization rule.
Proposal 3: A PUCCH carrying sub-slot-based HARQ-ACK feedback is allowed to use the resources of more than one sub-slot.
The semi-static codebook can be useful in scenarios where more than one serving cell are configured. The Type 1 HARQ-ACK codebook construction with sub-slot-based HARQ-ACK feedback can be specified using the same principles as in R15. The set of PDCCH occasions used for the construction should be restricted to a TDRA table configured for URLLC. 
Proposal 4: Sub-slot-based HARQ-ACK feedback with Type 1 HARQ-ACK codebook is supported.
Identification of a HARQ-ACK codebook
In RAN1#96bis, the identification of a HARQ-ACK codebook by physical layer was agreed to be down-selected to a set of options, namely (1) By DCI format (2) By RNTI (3) By explicit indication in DCI and (4) By CORESET/search space. 
It should be considered that not only the HARQ-ACK codebook needs to be dynamically identified, but also other aspects of the configuration such as the TDRA table or the PUCCH resource sets. In addition, as described in the next section the priority of the HARQ-ACK transmission needs to be determined for proper handling in case of collision with other transmissions. Since all these configuration aspects are tied to the service type intended for the transmission, it would be natural to associate them to a same identifier (e.g. profile) that can be signaled by physical layer. A solution that allows support for multiple (i.e. more than 2) levels of latency and reliability without much additional specification effort would also be very desirable from the perspective of extensibility. For this reason, Option 1 (DCI format) is not preferred. 
Options 2, 3 and 4 all seem suitable candidates. Option 3 with a new field is straightforward and maintains full scheduling flexibility. If overhead is a concern, one could instead implicitly indicate a HARQ codebook using an existing field, RNTI (Option 2) or search space (Option 4).
Proposal 5: Support PHY identification of HARQ-ACK codebook using one of following options: RNTI, explicit indication in DCI or CORESET/search space.
Proposal 6: The identifier for HARQ-ACK codebook also identifies:
· whether slot-based or sub-slot-based HARQ-ACK feedback is applied;
· a set of PUCCH resource sets;
· a TDRA table;

In case of a semi-persistently scheduled PDSCH or corresponding SPS release, the PHY identification can be obtained from the PDCCH containing the SPS activation command, just as other properties of the DL assignment.
Proposal 7: DCI containing SPS activation determines HARQ-ACK codebook for SPS PDSCH and SPS release.
A UE configured to operate with more than one service type may switch frequently between transmission of HARQ-ACK for lower priority (eMBB) transmission and HARQ-ACK for higher priority (URLLC) transmission. Since the reliability requirements are different, it may be difficult to set the transmission powers of both types of transmissions to the appropriate level using a single set of power control parameters. Supporting configuration of multiple sets of power control parameters, where each set is associated to an identifier for HARQ-ACK codebook, can be beneficial in that respect. 
Proposal 8: The identifier for HARQ-ACK codebook also indicates a set of power control parameters for transmission of PUCCH carrying HARQ-ACK.
UL resource collisions
This section addresses the following objective of the NR IIoT WI:
	· 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].



The following issues thus need to be addressed:
1. How to identify the priority of a UCI (or data) transmission
2. How to handle collision between transmissions of different priorities
Priority identification
HARQ-ACK
A DCI scheduling PDSCH can provide a priority level for the corresponding HARQ-ACK. As explained in the previous section, it would be logical that the same indication is used also for HARQ-ACK codebook indication and related configuration, since these aspects are all related to the service type intended for the transmission.
Proposal 9: DCI scheduling PDSCH indicates the priority of corresponding HARQ-ACK.
Proposal 10: The identifier for HARQ-ACK codebook also indicates the priority of the HARQ-ACK.
SR
The priority of SR should naturally depend on the logical channel that triggered the SR. Each logical channel is already configured with a logical channel priority used in MAC, and it would be possible to reuse this parameter in principle. However, the number of priority levels used in MAC (16) is likely well above the number of priority levels required to support service differentiation at the physical layer (possibly only 2). In addition, in case of HARQ-ACK using many priority levels may be a concern from the perspective of DCI overhead. A mapping between the logical channel priority used in MAC and the priority level used at the physical layer would then be required. A natural way to achieve this is to explicitly configure (by RRC) the priority of a SR transmission at physical layer, as part of the SR resource configuration. Such SR resource configuration is linked to a logical channel through the scheduling request identity parameter.
Proposal 11: RRC configures priority of SR for each SR resource configuration.
PUSCH
To address prioritization between SR or HARQ-ACK and PUSCH one also needs to assign a priority to a PUSCH transmission. For the priority of PUSCH, one could consider two options:
1) Based on priorities of logical channels from which data is included in PUSCH;
2) DCI scheduling PUSCH indicates priority (for dynamic grant), or RRC indicates priority (for configured grant type 1). 
The first option would likely require a mapping between the logical channel priorities used in MAC and the priority levels used at physical layer for the reason explained in previous paragraph. It would also imply that the physical layer handles prioritization based on the outcome of MAC LCP procedure.
The second option could use, for dynamic grants, an indication mechanism similar to what is eventually adopted for the case of HARQ-ACK (implicit or explicit). One potential concern is that the priority of the included data is lower than the priority indicated by the DCI. However, this should not happen frequently in practice since the network typically would provide a high-priority grant in response to a scheduling request indicating that high-priority data is available. In the case of configured grant type 1, the network can configure a logical channel restriction to prevent use of such grant by low-priority data.
Given the above, the second option is preferred.
Proposal 12: DCI scheduling PUSCH indicates its priority. FFS if a new field is introduced.
Proposal 13: RRC configures priority of PUSCH in the case of configured grant type 1.
CSI
A specific CSI report transmission is not critical to achieve high reliability and latency. A CSI transmission should not be prioritized over SR, HARQ or PUSCH even if it is intended to support URLLC. However, in case two CSI reports of the same type would collide such that only one can be transmitted, one could prioritize the one corresponding to the CSI configuration with the lowest target BLER.
Collision handling
When there is a collision between transmissions of equal priority, the R15 multiplexing and prioritization rules should generally apply.
When there is a collision between a transmission of lower priority and a transmission of higher priority, the following handlings could be possible:
· Drop (or puncture) the transmission with lower priority
· Combine (multiplex) both transmissions, possibly allocating more resources to transmissions of higher priority (through e.g. different beta factors). For example:
· Multiplex SR (or HARQ-ACK) over PUSCH
· Multiplex two HARQ-ACK codebooks into single PUCCH
· Multiplex SR and HARQ-ACK into single PUCCH
The benefit of multiplexing is that it allows successful transmission of the low priority transmission. On the other hand, it may not feasible in all cases, for the following reasons:
· Processing time for multiplexing may be insufficient if the transmission of higher priority is known to occur shortly before (or after) the starting time of the transmission of lower priority. For example, the UE may receive a dynamic assignment for a (high priority) PDSCH just before a (low priority) PUSCH transmission.

· Required latencies of the transmissions may be incompatible. For example, multiplexing high-priority HARQ-ACK (or SR) over a long duration PUSCH may result in unacceptable latency for HARQ-ACK or SR.

· There may be insufficient power to transmit both transmissions with the required reliability. This could happen, for example, if two HARQ-ACK codebook are multiplexed together into single PUCCH (or PUSCH).

If multiplexing is not possible, the UE should drop the transmission of lower priority. 
Therefore, assuming that the UE has sufficient processing time (FFS), the following is proposed:
Proposal 14: HARQ-ACK is multiplexed on PUSCH of equal or lower priority with PUSCH duration less than x symbols, otherwise PUSCH is dropped. Value of x is FFS.
Proposal 15: SR is multiplexed on PUSCH of lower priority with PUSCH duration less than y symbols, otherwise PUSCH is dropped. Value of y is FFS.
When UCI is multiplexed in PUSCH, the beta factors control the relative amount of resources for UCI and data. The beta factors therefore need to be adjusted as a function of the (relative) reliability requirements of these transmissions. For example, higher (lower) beta factors need to be used for HARQ-ACK on PUSCH when HARQ-ACK is multiplexed on PUSCH of lower (higher) priority. In R15, dynamic indication of beta is supported for HARQ-ACK from a set of 4 possible values. For added flexibility, it should be considered to support the configuration of additional sets that are used when HARQ-ACK (or SR) are multiplexed on PUSCH of lower (or higher) priority.
Proposal 16: Support configuration of additional sets of beta factors for multiplexing HARQ-ACK/SR on PUSCH of different priority.
Conclusion
This contribution provided several proposals to make further progress on HARQ-ACK reporting and on how to specify handling of resource collisions between UL data/control transmissions.
Proposal 1: For sub-slot-based HARQ-ACK feedback, HARQ-ACK information for a PDSCH reception ending in sub-slot N is reported in sub-slot N+K1.
Proposal 2: The maximum number of sub-slots per slot is 7.
Proposal 3: A PUCCH carrying sub-slot-based HARQ-ACK feedback is allowed to use the resources of more than one sub-slot.
Proposal 4: Sub-slot-based HARQ-ACK feedback with Type 1 HARQ-ACK codebook is supported.
Proposal 5: Support PHY identification of HARQ-ACK codebook using one of following options: RNTI, explicit indication in DCI or CORESET/search space.
Proposal 6: The identifier for HARQ-ACK codebook also identifies:
· whether slot-based or sub-slot-based HARQ-ACK feedback is applied;
· a set of PUCCH resource sets;
· a TDRA table;

Proposal 7: DCI containing SPS activation determines HARQ-ACK codebook for SPS PDSCH and SPS release.
[bookmark: _GoBack]Proposal 8: The identifier for HARQ-ACK codebook also indicates a set of power control parameters for transmission of PUCCH carrying HARQ-ACK.
Proposal 9: DCI scheduling PDSCH indicates the priority of corresponding HARQ-ACK.
Proposal 10: The identifier for HARQ-ACK codebook also indicates the priority of the HARQ-ACK.
Proposal 11: RRC configures priority of SR for each SR resource configuration.
Proposal 12: DCI scheduling PUSCH indicates its priority. FFS if a new field is introduced.
Proposal 13: RRC configures priority of PUSCH in the case of configured grant type 1.
Proposal 14: HARQ-ACK is multiplexed on PUSCH of equal or lower priority with PUSCH duration less than x symbols, otherwise PUSCH is dropped. Value of x is FFS.
Proposal 15: SR is multiplexed on PUSCH of lower priority with PUSCH duration less than y symbols, otherwise PUSCH is dropped. Value of y is FFS.
Proposal 16: Support configuration of additional sets of beta factors for multiplexing HARQ-ACK/SR on PUSCH of different priority.
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Appendix
Agreements from RAN1#96bis [3]:
	Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.

Agreements:
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:
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)



