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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12] In the work item description, we have the following scope. We share our views about PUCCH transmission and HARQ-ACK codebook construction.
	· 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



2. Discussion
2.1. Multiple PUCCHs within a slot
In this section, we consider following options that have been captured in the feature lead’s summary.
	· Opt.1: Sub-slot-based HARQ-ACK feedback procedure 
· Opt.2: PDSCH grouping
· Opt.2a: PDSCH grouping with explicit indictor (e.g. in DCI or RRC signalling)
· Opt.2b: Implicit PDSCH grouping based on L1 parameters, e.g. PRI, type of PDSCH
· Opt.2c: Implicit PDSCH grouping based on RRC parameters (K1 set, SLIV, CC set, etc.)
· Opt.2d: Implicit PDSCH grouping based on PUCCH resource configurations and processing timeline (for Type I and Type II codebook)
· Opt.2e: Implicit PDSCH grouping based on DCI format or RNTI
· Opt.3: Combination of Opt.1 and Opt.2 (PDSCH grouping for differentiating eMBB/URLLC HARQ-ACK codebooks)
· Opt.4: “Codebook-less HARQ”



Each option has been discussed during the study item phase, and the group identified as a valid method. During the work item phase, we can begin with the desirable properties of URLLC HARQ-ACK codebook or metrics for analysis, in order to converge to a single solution. If such design principles exist, this strives to apply to both type 1 and type 2 codebooks. Also those principles would have as minimal impacts to the Rel-15 specification, e.g., changing the size of existing DCI field, or introducing new DCI fields, etc.
[bookmark: _Ref5087482]Observation 1: Discuss a general principle to design URLLC codebook
A type 1 codebook is configured 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 be less significant. 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’ of option 4.
In addition, there exists a case where a HARQ-ACK feedback is useless due to its time bound. With the given numerology, the maximum number of retransmissions is fixed because the next retransmission would be meaningless. The last allowed DL transmissions does not require HARQ-ACK feedback, and in turn, UE need not report HARQ-ACK for this HARQ process. We think we need further study how to support no HARQ-ACK feedback in those cases at least for type 2 codebook. 
[bookmark: _Ref5087489]Proposal 1: FFS the case of few bits or none of HARQ-ACK feedback.
During the study item phase, subslot based approach of option 1 is discussed. This option reduces slot based time unit into multiple subslot time units, and K1 value and HARQ-ACK feedback windows can be applied to such smaller time units As for our understanding, the number of PDSCH candidates can depend on how the subslot is defined. Supposedly assuming a subset is a half slot, the PDSCH SLIV can possibly end in second half slot more often because a CORESET can be located in any half slot but PDSCH does not cross the slot boundary. In this case, if K1 is configured to a half slot, then some PDSCH assignment can cause different number of PDSCH candidates. Thus, to keep/balance the same/similar number of a type 1 codebook size, redundant bits may be appended. We think it can be worse if subslot is getting shorter, e.g., 1/3 or 1/4 of a slot. We believe that type 1 codebook requires additional signalling to balance the size of payloads or number of HARQ processes per subslot..
[bookmark: _Ref5087495]Observation 2: In subslot based codebook scheme, careful subslot configurations are required for type 1 codebook.
Another approach is to group PDSCH candidates by using various signalling. For type 1 codebook, gNB partition PDSCH candidates (e.g., PDSCH TDRA table) into subsets using higher layer signalling, where each subset corresponds to one codebook. When UE receives DL-DCI, UE knows the subset that the assigned PDSCH belongs to, and derives PUCCH resource based on PRI. This scheme divides HARQ-ACK feedback window by RRC signalling, and equivalently the size of the codebook itself. For example, gNB can group PDSCH candidates having similar ending symbols to guarantee similar processing time to the UE.
For type 2 codebook, the PRI in the DL-DCI indicates the final PUCCH resource that maps a codebook. If PUCCH by the previous DL-DCI which is yet reported overlap in time with PUCCH by the current DL-DCI, then corresponding PDSCH’s HARQ-ACK bits are collected in the same PUCCH resource.
This approach does not need to reduce K1 timing into subslot level. Also, this scheme can naturally extend the Rel-15 NR procedure. On the other hand, a UE should wait until the latest PDSCH candidate to check whether indicated PUCCH overlaps in time, and after the decision the UE can begin HARQ-ACK reporting procedures. However, we believe that it does not count much time budget because this processing is about encoding UCI or RE mapping to PUCCH and not about decoding data packets.
[bookmark: _Ref5087503]Proposal 2: PRI based grouping or RRC configured grouping is considered for HARQ-ACK codebook design.
2.2. Multiplexing UCIs between different service types
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 3: 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 4: Multiplexing eMBB codebook and URLLC codebook are considered.
2.3. UCI on PUSCH
1 
2 
In Rel-15, UCI is piggybacked on PUSCH when its PUCCH resource overlaps in time with dynamically scheduled PUSCH. For URLL 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 5: New Beta offsets are considered.
In our understanding, not all of eMBB UCI should be mapped to URLLC PUSCH which is dynamically scheduled. Since URLL 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 it can be even retransmitted. 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 6: Mapping SR and HARQ-ACK onto PUSCH are considered.
3. Conclusion
In this contribution, we address our view about inter-UE transmissions.
Observation 1: Discuss a general principle to design URLLC codebook
Proposal 1: FFS the case of few bits or none of HARQ-ACK feedback.
Observation 2: In subslot based codebook scheme, careful subslot configurations are required for type 1 codebook.
Proposal 2: PRI based grouping or RRC configured grouping is considered for HARQ-ACK codebook design.
Proposal 3: eMBB HARQ-ACK and URLLC HARQ-ACK are separately encoded.
Proposal 4: Multiplexing eMBB codebook and URLLC codebook are considered.
Proposal 5: New Beta offsets are considered.
Proposal 6: Mapping SR and HARQ-ACK onto PUSCH are considered.
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