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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we discuss three topics; i) more than one PUCCH for HARQ-ACK transmission within a slot; ii) at least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE; iii) UL data/control and control/control resource collision as detailed in RP-190728.
2. Discussion
2.1. Multiple PUCCHs within a slot
In the previous meeting, discussions concluded to introduce the sub-slot based approach. This scheme strives to keep the Rel-15 principle with the reduced latency. The exact definition of sub-slot and its usage would be the next topic to discuss. We have additional topics about codebook-less and even HARQ-less.
· PDSCH grouping for Type-1 codebook
According to the agreement, Rel-16 URLLC HARQ feedback is based on sub-slot, instead of slot. Any PDSCH assignment corresponds to one (DL) sub-slot, which possibly contains the last PDSCH symbol. Any PUCCH candidate corresponds to one (UL) sub-slot, which possibly contains the first PUCCH symbol. The HARQ timing maps between two sub-slots. The configured sub-slot boundary is applied to both UL slot and DL slot or separate sub-slot boundary can be configured to UL slot and DL slot.
The semi-static slot format affects for both DL sub-slot and UL sub-slot because the number of valid PDSCH candidates and the number of valid PUCCH candidates may be different in each slot formats, and the same applies to valid PUCCH candidates. In our view, it is important to balance PUCCH coverage (by having similar number of UCI bits) regardless of DL scheduling. To achieve similar payload, the similar number of valid PDSCH candidates should be mapped to one UL sub-slot. 
In one alternative, PDSCH candidates are grouped directly with no concept of sub-slots. The configured TDRA table are further partitioned into sub-tables, and each sub-table corresponds to one PDSCH group and one Type-1 HARQ codebook. The TDRA sub-table in a slot can be reduced if some TDRA indices are invalid due to the semi-static slot format. This achieves full flexibility to obtain the optimized size of each HARQ codebook per UL sub-slot with optimized.
In the other alternative, the PDSCH grouping is determined by the (DL) sub-slot boundary. Depending on TDRA table and slot format in the slot, valid TDRA indices can be concentrated in few (DL) sub-slots. In this sense, careful (DL) sub-slot configuration would relieve to distribute the payload into more (DL) sub-slots. Better (DL) sub-slot boundary could partition similar number of valid PDSCH candidates.
In some scenario where dynamic TDD is operated, each slot format has different optimal PDSCH grouping. This leads large RRC signalling, and to overcome this overhead, the number of (DL) sub-slots/sub-tables in a slot can be configured, and PDSCH grouping can be determined by this number.
[bookmark: _Ref7689692][bookmark: _Hlk7193739]Proposal 1: PDSCH grouping is determined by both configured slot format and configured number of PDSCH groups in a slot.
· K1 interpretation
UE interprets K1 in terms of UL sub-slots, and the feedback timing is given by the K1 offset from the reference DL time. The reference DL time can be the last DL symbol or the last DL sub-slot where the PDSCH is assigned. A given DL reference time may correspond to more than one UL sub-slot that overlaps with the given DL reference time. This is because of different numerology between DL BWP and UL BWP, or different DL sub-slot boundary or UL sub-slot boundary. If there are multiple candidates for UL sub-slots, then the last such UL sub-slot can be used.
[bookmark: _Ref7689697]Proposal 2: The reference DL time for HARQ feedback maps to the last overlapped UL sub-slot.
· Codebook-less HARQ 
A Type-1 codebook is introduced to avoid the ambiguity of its size due to DTX event, and is useful when one PUCCH opportunity can corresponds to many DL HARQ processes such as TDD with slot patterns in DL heavy case or CA. For URLLC, each PUCCH opportunity should corresponds to few DL HARQ processes to reduce latency by using frequent DL-UL switching.
According to URLLC usage scenario, large portion of URLLC traffic can be periodic which can be supported by semi-persistent resource assignments, and aperiodic DL traffic can occur less. Thus, we need some discussion about the probable number of HARQ processes per PUCCH opportunity. If few UCI bits are considered, the performance of Type-1 codebook or Type-2 codebook will be similar. In URLLC, since the CORESET monitoring periodicity will be small and its target reliability is high, the resulting DTX event could occur rarely. In this perspective, we can consider ‘Codebook-less HARQ’ (previously option 4). 
Furthermore, in single serving cell, multiple (3 or more) PDSCH candidates that share a single HARQ codebook (or PUCCH resource) should actually have enough time to feedback. In our view, those PDSCH candidates might not be URLLC because URLLC TB does not typically have time to wait for PUCCH resource. Instead, the gNB can assign one larger PDSCH because it is equivalent in terms of latency and it would be better in terms of efficiency. If so, the number of HARQ-ACK bits can be 2 or less, which is already supported by PUCCH format 0 or format 1, or puncturing of UL-SCH or CSI part 2. 
Regarding eMBB HARQ codebook and URLLC HARQ codebook, the codebook prioritization or multiplexing are being discussing. If codebook-less HARQ feedback is adopted, then UE should multiplex the other UCI in the resource level or drop the other UCI.
[bookmark: _Ref7689719]Observation 1: Codebook-less HARQ feedback is already supported in Rel-15 NR, and can be used for Rel-16 eURLLC purpose with dropping/multiplex the other UCI.
· No HARQ feedback
There exists a case where a HARQ-ACK feedback is useless due to its latency bound. With the given numerology, the maximum number of retransmissions is fixed because the next retransmission would be meaningless due to the latency bound. The last allowed DL transmissions does not require HARQ-ACK feedback, and in turn, UE need not report HARQ-ACK for this HARQ process. 
For codebook-less HARQ, UE does not transmit the PUCCH. For Type-1 codebook, UE should set some bits to the known value such as ACK. For Type-2 codebook, UE should not count for the HARQ-ACK bit. In this case, the DL-DCI for the HARQ-less PDSCH can indicate implicitly or explicitly indicate not to transmit HARQ feedback.
Introducing new field in DL-DCI can be considered, but due to DCI overhead, it is desirable to have an implicit way of not feeding back. As we pointed above, the maximum number of retransmissions is limited, invalid HARQ parameters can be indicated. For an example, some redundancy version may not be used and reserved, which could implicitly indicate not to feed back. Another example can be an invalid K1. In principle, the K1 should be larger than the processing capability and less than the latency budget. If DL-DCI indicates an invalid K1, then UE may not perform HARQ feedback.
[bookmark: _Ref5087489]Proposal 3: FFS the way of implicitly indicate no HARQ-ACK feedback.
2.2. Control channel vs control channel
Regarding different service types, different target performance is required. Applying the same encoding (with a common CRC), its information bits experience the same performance. It is desirable that URLLC HARQ-ACK bits and eMBB HARQ-ACK bits should be treated separately. However, the codebook-to-PUCCH mapping could be either prioritized or multiplexed. In our perspective, the discussion falls into two different levels, i.e., codebook level and resource level. 
[bookmark: _Ref5087512]Proposal 4: eMBB HARQ-ACK and URLLC HARQ-ACK are separately encoded.
Codebook prioritization or multiplexing means clear. Codebook prioritization means that only one codebook is selected and mapped to the corresponding PUCCH resource. Codebook multiplexing means that two codebooks are encoded separately and are mapped to one PUCCH resource. On the other hand, PUCCH resource multiplexing means that UE multiplexes eMBB PUCCH and URLLC PUCCH. 
In some sense, multiplexing eMBB PUCCH and URLLC PUCCH is another way of multiplexing eMBB codebook and URLLC codebook. But it is different in that each codebook is already processed and mapped to own PUCCH. Thus, this processing timeline can be different from multiplexing two codebooks and mapping to one PUCCH resource. For example, eMBB PUCCH is generated following Rel-15 timeline, and URLLC codebook is generated following Rel-16 timeline. UE can map URLLC codebook onto eMBB PUCCH. 
More specifically, when eMBB PUCCH has one or two bits, PF0/PF1 are used. Depending on the URLLC payload, the resource (e.g., PRB or cyclic shift) of PF0 or PF 1 can be determined. It is beneficial when URLLC codebook has one or two bits because the amount of PUCCH resources increase as many as the number of URLLC payload. Particularly when both eMBB and URLLC have one or two bits in own codebook, this multiplexing scheme can be interpreted as the sequence selection.
On the other hand, when eMBB PUCCH has three or more bits, PF2/PF3/PF4 are used. In this case, eMBB codebook are encoded and mapped to the eMBB PUCCH resource. While mapping, UE can reserve some REs for multiplexing URLLC codebook. Depending on URLLC payloads, the number of reserved REs are determined. UE can map or not map on those REs, i.e., URLLC codebook punctures or rate matches eMBB codebook. If UE knows the maximum REs for URLLC codebook, then UE can apply an RE offset at mapping eMBB codebook to the PUCCH resource. This is beneficial when PUCCH carries eMBB CSI and eMBB codebook. It is also noted that Rel-15 UCI mapping onto PUSCH can be a baseline to this approach.
[bookmark: _Ref5087516]Proposal 5: Multiplexing eMBB codebook and URLLC codebook in a single PUCCH resource are considered.
2.3. Control channel vs data channel
1 
2 
In Rel-15, UCI is piggybacked on PUSCH when its PUCCH resource overlaps in time with dynamically scheduled PUSCH. For URLLC UCI, we can apply the similar procedure to map onto eMBB PUSCH, but with possibly enhanced beta offsets. For eMBB UCI with URLLC PUSCH, we have to introduce other beta offsets. As many companies already proposed, beta offsets with less than 1 should be introduced for this purpose. 
[bookmark: _Ref5087519]Proposal 6: New Beta offsets are considered.
In our understanding, not all of eMBB UCI should be mapped to URLLC PUSCH which is dynamically scheduled. Since URLLC PUSCH itself may be repeated within a slot (depending on the outcome of Rel-16 eURLLC work item), a large amount of reserved/punctured REs in URLLC PUSCH is not desirable. In this sense, we can map selected types of UCIs. For example, at least periodic CSI report for eMBB can be dropped in URLLC PUSCH. We can further study whether periodic CSI report for URLLC is mapped or not, and even periodic CSI report for URLLC is configured. On the other hand, HARQ-ACK for eMBB or URLLC should be mapped in URLLC PUSCH.
Moreover, we should consider SR for URLLC mapping on eMBB PUSCH. This is because gNB should be able to know the presence of UL URLL traffic at a UE. In Rel-15, a buffer status report is included in PUSCH and SR is not triggered with reporting the buffer status. However, in Rel-16 eURLLC, a buffer status report in eMBB PUSCH may not be reliable enough and a PUSCH can be even retransmitted, which means a buffer status report cannot be multiplexed in some cases. UE may not be able to assemble a new buffer status report without a UL grant. In this case, UE should not wait until gNB indicates a URLL UL grant to trigger the most updated buffer status report. Thus, we believe that UE can transmit without UL grant, i.e., UE transmit URLLC SR by dropping/multiplexing eMBB PUSCH. Instead of ignoring eMBB UL grant and transmitting URLLC SR, it is desirable to map those SR onto eMBB PUSCH.
[bookmark: _Ref5087521]Proposal 7: Mapping SR and HARQ-ACK onto PUSCH are considered.
3. Conclusion
In this contribution, we address our view about UCI transmissions for Rel-16 eURLLC.
Proposal 1: PDSCH grouping is determined by both configured slot format and configured number of PDSCH groups in a slot.
Proposal 2: The reference DL time for HARQ feedback maps to the last overlapped UL sub-slot.
Observation 1: Codebook-less HARQ feedback is already supported in Rel-15 NR, and can be used for Rel-16 eURLLC purpose with dropping/multiplex the other UCI.
Proposal 3: FFS the way of implicitly indicate no HARQ-ACK feedback.
Proposal 4: eMBB HARQ-ACK and URLLC HARQ-ACK are separately encoded.
Proposal 5: Multiplexing eMBB codebook and URLLC codebook in a single PUCCH resource are considered.
Proposal 6: New Beta offsets are considered.
Proposal 7: Mapping SR and HARQ-ACK onto PUSCH are considered.
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