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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#96bis, we agreed the following:
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)


This contribution provides further considerations on this feature.  
2. Discussions
2.1 Sub-slot based PUCCH
In Rel-15, K1 is indicated by the PDSCH-to-HARQ-timing-indicator field, where for a PDSCH ending in slot n, the HARQ-ACK information in a PUCCH is transmitted in slot n+ K1, where only one PUCCH carrying HARQ-ACK is allowed per slot.  In order to support multiple PUCCH carrying HARQ-ACKs, it is agreed to use sub-slot based PUCCH where K1 is in unit of sub-slot.  Most of the methods can be reused directly from Rel-15 by converting K1 from the unit of slot to sub-slot, however, there are some aspects that require further clarifications.
In Rel-15, a PUCCH is contained within a slot.  However, for sub-slot based K1, restricting the PUCCH within a sub-slot would reduce the flexibility in constructing the PUCCH resource and for small sub-slot sizes, e.g. 2 OFDM symbols, the number of HARQ-ACK bits would also be limited.  On the other hand, allowing PUCCH to cross a sub-slot boundary would cause inter-sub-slot PUCCH collision, i.e., a PUCCH in sub-slot j can overlap with another PUCCH transmission in sub-slot j+1 in the same UE: it seems like significant specification changes would be required to manage such collision.  In addition to this, the UE also needs to manage collision between slot based Rel-15 PUCCH and sub-slot based Rel-16 PUCCH.  Hence, we have a preference not to allow PUCCH to cross a sub-slot boundary.  The duration of PUCCH and hence the number of HARQ-ACK bits that can carried by the PUCCH is therefore dependent upon the size of the sub-slot. Although this would limit the potential capacity of each PUCCH per sub-slot, the overall potential PUCCH capacity in a slot is not reduced since there can be multiple sub-slot based PUCCHs per slot.
Proposal 1: In a sub-slot based PUCCH, a PUCCH transmission is NOT allowed to cross a sub-slot boundary.
Observation 1: Restricting a PUCCH transmission to within a sub-slot does not reduce the overall PUCCH capacity within a slot.

The concept of sub-slot is used to manage multiple PUCCHs carrying HARQ-ACK in a slot and hence is not used for PDSCH transmission.  However, in order to apply the Rel-15 methods for the association of PDSCH to PUCCH, the sub-slot needs to be projected onto the PDSCH transmission, i.e., for a PDSCH that ends in sub-slot m, the HARQ-ACK information in the associated PUCCH is transmitted in sub-slot m+ K1.  In Rel-15, the downlink and uplink can have different SCS, thereby the slot duration for PDSCH and PUCCH may be different.  Hence, K1 is defined based on the SCS of the PUCCH.  For Rel-16, the use of sub-slot for PUCCH and slot for PDSCH is similar to the case in Rel-15 where the PUCCH has a higher SCS than that used by the PDSCH.  Therefore a similar approach can be used to define which sub-slot a PDSCH belongs to, that is, the PDSCH slot is divided into virtual sub-slots where the virtual sub-slot duration is the same as a sub-slot used for the corresponding PUCCH.  An example is shown in Figure 1, where the PUCCH sub-slot = 7 uplink OFDM symbols and assuming the SCS are the same in downlink & uplink, the downlink slot is also divided into 2 virtual sub-slots. In this example, the PDSCH ends in the 2nd virtual sub-slot of slot n+1 which is mapped to the 2nd PUCCH sub-slot of slot n+1, i.e. this PUCCH sub-slot is the reference point for K1 (K1=0).  In this example the indicated K1=5, which indicates the PUCCH transmission in the 1st PUCCH sub-slot of slot n+4.
Proposal 2: For the purpose of defining a reference point for sub-slot based K1, the downlink slot is divided into virtual sub-slots where the duration of this virtual sub-slot is the same as that of the PUCCH sub-slot.

[image: ]
[bookmark: _Ref7103703]Figure 1: K1 in units of sub-slot

We expect different URLLC services to have different latency requirements and hence it is beneficial that the sub-slot size is configurable to provide some flexibility for the sub-slot duration.  The number of HARQ-ACK PUCCH in a slot is therefore dependent upon this sub-slot size, i.e. , where SSub-slot is the size of the PUCCH sub-slot in terms of number of uplink OFDM symbols [1].
Proposal 3: The PUCCH sub-slot size is configurable
Proposal 4: The number of HARQ-ACK PUCCH in a slot is dependent upon the size of the PUCCH sub-slot size, i.e. , where Ssub_slot is sub-slot size in terms of number of OFDM symbols

For multiple simultaneous HARQ-ACK codebook construction, for each PDSCH, a physical layer indicator is required to indicate which HARQ-ACK codebook or PUCCH to use for its corresponding HARQ-ACK.  In RAN1#96bis, we have the following options:
· 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

Option 3 requires additional bits in the DCI.  For a UE that supports eMBB and URLLC, we expect the DL grant for each service to have different monitoring periodicity but not necessarily different CORESET or search space.  However, Option 4 requires that a separate CORESET or search space for eMBB and URLLC is assigned, which imposes some slight restriction on the PDCCH resource configuration.  We expect that Rel-16 eURLLC is likely to use a different DCI format since eURLLC may have different fields as discussed for PDCCH enhancement and so Option 1 is a potential method.  Option 2 does not increase the DCI size and separate RNTI is already used to differentiate the use of different MCS tables in Rel-15 and hence can be extended for use in Rel-16 for sub-slot PUCCH.  Hence, both Option 1 and Option 2 are our preferred solutions.
Proposal 5: When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, use DCI format or different RNTI to identify the HARQ-ACK codebook associated to the service type.


2.2 URLLC PUCCH and eMBB PUCCH collision 
Since different service types, such as URLLC and eMBB, can have independent HARQ-ACK codebooks, it is possible that the PUCCHs carrying these HARQ-ACK codebooks collide in time.  Since URLLC data has a low latency requirements, then the PUCCH carrying the HARQ-ACK codebook for URLLC has priority over the PUCCH carrying the HARQ-ACK codebook for eMBB.  A straightforward method is to drop the lower priority PUCCH, e.g. PUCCH for eMBB HARQ-ACK.  However, dropping the HARQ-ACK for eMBB may cause the gNB to retransmit the associated PDSCHs which would consume a large amount of resource and is therefore not an efficient use of resources.
Proposal 6: When two PUCCHs carrying HARQ-ACKs collide in the time domain, the PUCCH carrying HARQ-ACKs for URLLC has higher priority than the PUCCH carrying HARQ-ACKs for eMBB.
Observation 2: Dropping the eMBB PUCCH carrying HARQ-ACKs would require a large number of resources to retransmit the associated eMBB PDSCHs.

To avoid dropping eMBB’s HARQ-ACKs, they can be multiplexed into the URLLC PUCCH if the URLLC PUCCH has sufficient capacity. If the URLLC PUCCH does not have sufficient capacity to carry all the eMBB’s HARQ-ACKs then priority is given to later granted eMBB PDSCHs.  
Proposal 7: When URLLC PUCCH and eMBB PUCCH collides, if the URLLC PUCCH has spare capacity, the eMBB’s HARQ-ACKs can be multiplexed into the URLLC PUCCH.
Proposal 8: If the URLLC PUCCH spare capacity cannot carry all the eMBB’s HARQ-ACKs then the HARQ-ACKs associated with later granted eMBB PDSCHs have priority over earlier granted eMBB PDSCHs.

If URLLC PUCCH has no spare capacity or the capacity is not sufficient, the eMBB HARQ-ACKs that cannot be multiplexed to the URLLC PUCCH are postponed to another PUCCH occasion.
[bookmark: _GoBack]Proposal 9: eMBB HARQ-ACKs that cannot be multiplexed into URLLC PUCCH are postponed to another PUCCH occasion.

3. Conclusion
In this contribution we discuss some aspects of UCI enhancements.  We observe the following:
Observation 1: Restricting a PUCCH transmission to within a sub-slot does not reduce the overall PUCCH capacity within a slot.
Observation 2: Dropping the eMBB PUCCH carrying HARQ-ACKs would require a large number of resources to retransmit the associated eMBB PDSCHs.

We therefore propose the following:
Proposal 1: In a sub-slot based PUCCH, a PUCCH transmission is NOT allowed to cross a sub-slot boundary.
Proposal 2: For the purpose of defining a reference point for sub-slot based K1, the downlink slot is divided into virtual sub-slots where the duration of this virtual sub-slot is the same as that of the PUCCH sub-slot.
Proposal 3: The PUCCH sub-slot size is configurable
Proposal 4: The number of HARQ-ACK PUCCH in a slot is dependent upon the size of the PUCCH sub-slot size, i.e. , where Ssub_slot is sub-slot size in terms of number of OFDM symbols
Proposal 5: When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, use DCI format or different RNTI to identify the HARQ-ACK codebook associated to the service type.
Proposal 6: When two PUCCHs carrying HARQ-ACKs collide in the time domain, the PUCCH carrying HARQ-ACKs for URLLC has higher priority than the PUCCH carrying HARQ-ACKs for eMBB.
Proposal 7: When URLLC PUCCH and eMBB PUCCH collides, if the URLLC PUCCH has spare capacity, the eMBB’s HARQ-ACKs can be multiplexed into the URLLC PUCCH.
Proposal 8: If the URLLC PUCCH spare capacity cannot carry all the eMBB’s HARQ-ACKs then the HARQ-ACKs associated with later granted eMBB PDSCHs have priority over earlier granted eMBB PDSCHs.
Proposal 9: eMBB HARQ-ACKs that cannot be multiplexed into URLLC PUCCH are postponed to another PUCCH occasion.
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