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1 Introduction
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE within a slot, not only the indication for determining the priority of the HARQ-ACK codebook but also the UE procedure for multiplexing slot-based HARQ-ACK information and sub-slot based HARQ-ACK information with other UCIs in a slot need to be clarified.
In this contribution, we provide our views on the physical layer indication of HARQ-ACK codebook and the UE procedure for multiplexing HARQ-ACK information for different service types in a slot for URLLC.
2 Discussion
The physical layer indication of HARQ-ACK codebook
Once the priority of HARQ-ACK codebook is identified, then the behaviour of collision between PUCCH with HARQ-ACK information and other PUCCH/PUSCH can be further specified, otherwise it is unclear how to determine the corresponding procedure if the priority of each resource is unknown. It has been agreed that the physical layer indication for identifying the priority of a HARQ-ACK codebook for dynamically-scheduled PDSCH should be down-selected from the options below:
· 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 
If option 1 is adopted, since only data transmission scheduled by the new DCI format can be regarded as the prioritized transmission, the existing DCI format in Rel-15 can not be used to schedule the high priority data, the scheduling will be too restrictive. For option 2, a new-RNTI or MCS-C-RNTI can be introduced to identify the priority. However, if the MCS-C-RNTI is adopted as the PHY layer indication, it implies that the scheduled transmission is mandated to apply the qam64LowSE MCS table, and it leads to the lack of scheduling flexibility. Therefore, introducing a new-RNTI is preferable. Regarding option 3, the increased DCI overhead is not desirable due to the limited payload size of compact DCI. Similarly, option 4 potentially restricts the scheduling flexibility, for the high priority data transmission can just be scheduled on the specific CORESET or search space. To sum up, HARQ-ACK codebook for different service types identified by the new RNTI is our preference.
In addition, the working assumption for generating HARQ-ACK for overlapping PDSCHs implies that identifying the priority between overlapped dynamic PDSCH and SPS PDSCH is needed. For example, it is not clear how to determine the priority between overlapped dynamic PDSCH and SPS PDSCH which are both identified as high priority. Also, another possible case of overlapped dynamic PDSCH with lower priority and SPS PDSCH with high priority should be considered.
Proposal 1 To determine the priority of the HARQ-ACK codebook for dynamically-scheduled PDSCH, adopt new-RNTI as the PHY indication of HARQ-ACK codebook. 
Proposal 2 The priority rule between overlapped dynamic PDSCH and SPS PDSCH needs to be clarified.
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UCI multiplexing procedure for slot based HARQ-ACK PUCCH and sub-slot based HARQ-ACK PUCCH in a slot
When sub-slot based HARQ-ACK collides with a SR for URLLC, it is possible to multiplex the HARQ-ACK and SR at least for the case where HARQ-ACK PUCCH is with PUCCH format 0 or PUCCH format 1, except for the case where HARQ-ACK PUCCH is with PUCCH format 1 and SR is with PUCCH format 0.
Considering the latency requirement for URLLC traffic, it is possible to have more than one sub-slot based HARQ-ACK PUCCH scheduled in a slot. Therefore, the multiplexing procedure for sub-slot based HARQ-ACK PUCCH should be applied in unit of sub-slot, which has already been agreed.
When applying UCI multiplexing procedure in unit of sub-slot, how to determine the PUCCHs for a sub-slot should be defined. If the sub-slot based HARQ-ACK PUCCH and other PUCCHs are all contained within a sub-slot, then there is no issue. However, there is still no consensus on whether a sub-slot based HARQ-ACK PUCCH can cross sub-slot boundary. Assuming the sub-slot based HARQ-ACK PUCCH cannot cross slot boundary, it is still possible for other PUCCHs that can be multiplexed with it to cross sub-slot boundary. Therefore, a rule should be defined to be applicable to either case.
For sub-slot based HARQ-ACK PUCCH, when determining PUCCHs in a sub-slot, we think it is reasonable to include the PUCCHs that can be multiplexed with sub-slot based HARQ-ACK PUCCH with starting symbol contained in the sub-slot. The multiplexing procedure is then performed on the determined PUCCHs.
For slot based HARQ-ACK PUCCH, the UCI multiplexing procedure should also be applied in unit of sub-slot, considering the slot based HARQ-ACK PUCCH can start in any where within a slot. For example, when UCI multiplexing for sub-slot based HARQ-ACK PUCCH is determined, the scheduling DCI for slot based HARQ-ACK PUCCH is not transmitted yet, as shown in Figure 2.
The remaining issue is how will UCI multiplexing in unit of sub-slot be applied to slot based HARQ-ACK PUCCH. For slot based HARQ-ACK PUCCH and the PUCCHs that can be multiplexed with it, the same rule can be applied. That is, for determining PUCCHs for a sub-slot, the slot based HARQ-ACK PUCCH and the PUCCHs that can be multiplexed with it that have starting symbols contained in the sub-slot are included.
However, there may be an issue that there are other PUCCH overlapping with it that have starting symbol in other sub-slot. An example is shown in Figure 2, where CSI is overlapping with slot based HARQ-ACK PUCCH but having starting symbol in the sixth, while slot based HARQ-ACK PUCCH starts in the fifth sub-slot. If the above rule is applied, then the slot based HARQ-ACK PUCCH will be determined to be transmitted for the fifth sub-slot, which may result in CSI being dropped.
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Figure 2. UCI multiplexing in unit of sub-slot
There are two ways to solve this issue. The first method is, when determining the PUCCHs for a sub-slot, also to include a PUCCH that starts in a previous sub-slot, which overlaps with a PUCCH in the sub-slot. The second method is, when determining the PUCCHs for a sub-slot, also to include a PUCCH that starts in a subsequent sub-slot, which overlaps with a PUCCH in the sub-slot. The first method is not preferable, since a PUCCH resource may need to be kept for multiple sub-slots. In addition, when making multiplexing decision, it is likely not much time budget is left for UCI multiplexing. Therefore, when multiplexing decision is made at a later sub-slot, it may not be feasible to multiplex a PUCCH of a later sub-slot to a PUCCH of an earlier sub-slot.
Proposal 3 For a sub-slot,  UCI multiplexing procedure is performed if the starting symbols of the PUCCHs are within the sub-slot.
Proposal 4 The other overlapping PUCCHs (e.g., with starting symbols not within the sub-slot ) are also considered for the UCI multiplexing procedure in proposal 4.

Multiplexing timeline requirement for out-of-order PUCCH
In Rel-16 URLLC, PDSCH to HARQ-ACK PUCCH can be out-of-order for the slot based HARQ-ACK PUCCH and sub-slot based HARQ-ACK PUCCH, as depicted in Figure 3. Depending on UE capability and the scheduling condition (e.g., time separation of the two PDSCHs), the UE may or may not be able to process the first scheduled PDSCH. If it is not able to process the first PDSCH, the UE may stop the processing of the first PDSCH upon reception of the second DCI, and the HARQ-ACK codebook of the slot based HARQ-ACK PUCCH may be modified. For example, the HARQ-ACK codebook may be set to all NACK or the HARQ-ACK bits for the CBGs that are not processed are set to NACK.  
To leave some time budget for a UE to be able to perform multiplexing of slot based HARQ-ACK PUCCH with other PUCCH when UE needs to modify the HARQ-ACK bits due to out-of-order scheduling, the DCI scheduling the sub-slot based HARQ-ACK PUCCH should be received  before the start of the overlapping PUCCHs consisting of slot based HARQ-ACK PUCCH. Note that the sub-slot based HARQ-ACK may or may not overlap with the overlapping PUCCHs consisting of slot based HARQ-ACK PUCCH.
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Figure 3. Out-of-order PUCCH
Proposal 5 If NACK is reported for an out-of-order slot based HARQ-ACK PUCCH, timeline requirement for the DCI scheduling the second PDSCH should be defined.
· The DCI scheduling the sub-slot based HARQ-ACK PUCCH should be received  before the start of the overlapping PUCCHs consisting of slot based HARQ-ACK PUCCH.
3 Conclusions
In this contribution, we discussed the identification of priority for dynamic PDSCH and SPS PDSCH. Also, providing our views on UCI multiplexing procedure in a slot.
Based on the discussion in section 2, we have some observations and proposals as follows:
[bookmark: _Toc4685928]Proposal 1	To determine the priority of the HARQ-ACK codebook for dynamically-scheduled PDSCH, adopt new-RNTI as the PHY indication of HARQ-ACK codebook. 
[bookmark: _Toc4685930]Proposal 2	The priority rule between overlapped dynamic PDSCH and SPS PDSCH needs to be clarified .
[bookmark: _Toc4685931]Proposal 3	For a sub-slot,  UCI multiplexing procedure is performed if the starting symbols of the PUCCHs are within the sub-slot.
Proposal 4	The other overlapping PUCCHs (e.g., with starting symbols not within the sub-slot ) are also considered for the UCI multiplexing procedure in proposal 4.
Proposal 5	If NACK is reported for an out-of-order slot based HARQ-ACK PUCCH, timeline requirement for the DCI scheduling the second PDSCH should be defined.
· The DCI scheduling the sub-slot based HARQ-ACK PUCCH should be received  before the start of the overlapping PUCCHs consisting of slot based HARQ-ACK PUCCH.
References
Chairman’s Notes, 3GPP RAN1 #98b
R1-1911707, “Summary on UCI enhancements for URLLC”, OPPO, 3GPP RAN1#98b

image1.png
Sub-slot
HARQ-ACK 1

Sub-slot
HARQ-ACK 2

lot HARQ-ACK

ux
Tp oc,1

mux
< proc,2





image2.png
Tprc\c,l
[«

Tmux

proc,2 Slot HARQ-ACK

mux
Tproc, 1





