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1. Introduction
[bookmark: _Hlk4423604]In RAN1 #96bis meeting, following agreements related to UCI enhancements for the URLLC were achieved [1]:
	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)


In this contribution, we firstly discuss how to support sub-slot based HARQ-ACK feedback for more than one PUCCH within one slot. Then we discuss how to achieve PHY differentiation for identifying a HARQ-ACK codebook for different service types. Finally, we discuss resource conflicts between (1) control information and control information and (2) control information and UL data, in the context of UL intra-UE transmission prioritization/multiplexing for NR URLLC. 
2. Sub-slot based HARQ-ACK feedback for more than one PUCCH within one slot
In the RAN1#96bis, it was agreed that HARQ codebook construction in Rel.15 is applied in the unit of sub-slot for Type II HARQ-ACK codebook. While it is FFS for Type I HARQ-ACK codebook. For a UE supporting both eMBB and URLLC service, if CA is configured, as shown in Fig.1 below, one or more cells are allowed to be dynamically assigned for URLLC traffic. The motivation to support Type 1 HARQ-ACK codebook in Rel.15 still holds for Rel.16 URLLC. Type I HARQ-ACK codebook allows loose coordination between CCs so that each CC may not need to know how the packets are scheduled when PDCCH is created. In addition, Type I HARQ-ACK codebook without DAI is beneficial especially for the scenario of periodic and deterministic traffic. It can support the HARQ-ACK feedback for multiple DL SPS PDSCHs with almost no specification impacts [2]. Therefore, Type I HARQ-ACK codebook should be also supported for Rel.16 UE supporting URLLC traffic.
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Fig.1 Example for CCs dynamically assigned for URLLC traffic
Proposal 1:
· For sub-slot based HARQ-ACK feedback procedure, Type I HARQ-ACK codebook should be supported.
For sub-slot-based HARQ-ACK feedback procedure, it was agreed that a UL slot consists of a number of sub-slots and no more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot. In the following, some details on sub-slot based HARQ-ACK feedback procedure are discussed.
Number or length of UL sub-slots in a slot
For the number or the length of UL sub-slots in a slot, further discussion is needed on what is the possible length for the UL sub-slot and whether different UL sub-slot can be configured with the different length. At least the length of 7-symbol and 2-symbol can be support as UL sub-slot. To accommodate the slot length consisting of 14 symbols, different sub-slot length can be configured within a slot for a given UE, e.g., 4/3/3/4 pattern. An example is given in Fig. 2.
[image: ]
Fig.2 a sub-slot pattern of (4/3/3/4)
Proposal 2:
· For the length of UL sub-slots in a slot, at least 2-symbol and 7-symbol sub-slot length should be supported.
· FFS other number of sub-slot and sub-slot length to efficiently co-exist with the slot length.

PDSCH-to-sub-slot association 
To support sub-slot-based HARQ-ACK feedback procedure, it was agreed that PDSCH transmission is not subject to sub-slot restrictions. Then, the association between PDSCH and sub-slot can be determined based on ending position of the scheduled PDSCH. As shown in the Fig.3, the ending position of PDSCH i  and  j is located in sub-slot n+1 and sub-slot n+2, respectively, therefore, PDSCH i and PDSCH j is associated with sub-slot n+1 and sub-slot n+2, respectively.
[image: ]
Fig.3 PDSCH-to-sub-slot association
For Type 1 HARQ-ACK codebook, since PDSCH transmission is not subject to sub-slot restrictions, therefore, the PDSCH resource allocation table is configured in the granularity of slot. However, K1 is defined in unit of sub-slot. In this case, the association between entries in the PDSCH time domain resource allocation table and sub-slot need to be defined. Same as above, the association can be determined based on the ending position of the entries in the PDSCH time domain resource allocation table. For example, assuming the PDSCH time domain resource allocation table is configured as shown in Fig.4, in order to determine the association between PDSCH and sub-slot, the time domain resource allocation table can be divided into multiple sub tables based on the length of sub-slot, and the no. of sub tables = no. of sub-slots within a slot. In addition, which sub table the candidate PDSCH reception occasions in time domain resource allocation table belong to can be determined based on the ending position of candidate PDSCH reception occasions as shown in Fig.5.
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Fig.4 Example of PDSCH time domain resource allocation table.
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Fig.5 Association between candidate PDSCH reception occasions and sub-slot
Proposal 3:
For PDSCH-to-sub-slot association, 
· For Type2 HARQ-ACK codebook, PDSCH is associated with sub-slot k if its ending symbol is in sub-slot k;
· For Type1 HARQ-ACK codebook, the association between entries in the PDSCH time domain resource allocation table and sub-slot can be determined based on the ending position of the entries in the PDSCH time domain resource allocation table, i.e.,
· The PDSCH time domain resource allocation table is divided into multiple sub tables based on the length and number of sub-slot, and each of the corresponding sub table is used to determine the candidate PDSCH reception occasions within the sub-slot.
Allowing PUCCH resource across sub-slot boundary or not
[bookmark: _Hlk7521460]For sub-slot-based HARQ-ACK feedback procedure, whether allowing PUCCH across sub-slot boundary or not is FFS[3]. Some considerations are given below:
· If PUCCH resource is not allowed to cross sub-slot boundary, length of PUCCH resource is restricted in a sub-slot. It seems simple but imposes some restriction on scheduling of PUCCH and it may also impact the PUCCH coverage when sub-slot is short. 
· If PUCCH resource is allowed to cross sub-slot boundary, similar as DL PDSCH, the sub-slot is just nominal unit for timing indication, PUCCH resource with different lengths can be used for UE by scheduling based on different latency requirement. It is beneficial for scheduling flexibility. 
From our perspective, it seems not necessary to restrict the PUCCH resource for URLLC traffic within one sub-slot. Therefore, following proposal was made:
[bookmark: _Hlk7527739]
Proposal 4:
· For sub-slot-based HARQ-ACK feedback procedure, PUCCH across sub-slot boundary should be allowed.

PUCCH resource configuration and determination
In the RAN1#96bis meeting, it was agreed to support sub-slot-based HARQ-ACK feedback procedure in order to support multiple PUCCHs for HARQ-ACK within a slot. Details of PUCCH resource configuration and determination is still not clear yet. Before discussing how to configure the PUCCH resources, we need to discuss whether to support URLLC-specific PUCCH resources and/or reuse Rel.15 PUCCH resource configurations for URLLC. Considering the reliability requirement for URLLC, the PUCCH resource configuration for eMBB HARQ-ACK may not be suitable for URLLC traffic[4]. On the other hand, the HARQ-ACK feedback for URLLC may not contribute to the latency or reliability if the latency requirement is very tight, the feedback may be used for the link adaptation, in this case, the HARQ-ACK feedback for URLLC can use the PUCCH resource configured in Rel.15. So, it depends on network to decide whether to use the new PUCCH resource or Rel.15 PUCCH resource. Irrespective whether the HARQ-ACK for URLLC can use Rel.15 PUCCH resource (set), dedicated PUCCH resource set configuration for URLLC should be supported so that different start symbol with different transmission length and PUCCH formats can be used to enable fast feedback. In this case, how to configure the URLLC-specific PUCCH resources should be discussed. Two options below can be considered:
· Option 1: Configure PUCCH resource set per sub-slot for UE
PUCCH resource set is configured with association with the UL sub-slot. Multiple PUCCH resource sets can be configured for each sub-slot, e.g. as shown in Fig. 6. In order to accommodate sub-slot based HARQ-ACK feedback, the reference point for start symbol of PUCCH resource in the set can be redefined as sub-slot boundary rather than slot boundary, see Fig.7. Then two PUCCH resources with different start symbol relative to slot boundary but same start symbol relative to sub-slot boundary can be configured as one PUCCH resource in the set, i.e., the PUCCH resource set can be repeated for each sub-slot.
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Fig.6 PUCCH resource set configuration for option 1
[image: ]
Fig.7 Re-define reference point for start symbol of PUCCH
· Option 2: Configure PUCCH resource set per slot for UE
For this option, the sub-slot is virtual resource unit used as granularity for K1 indication, PUCCH resource set does not need to be associated with sub-slot. PUCCH resource sets are configured per slot and available for all sub-slots within the slot, as shown in Fig.8. And the UE can determine different PUCCH resource set for different sub-slot. In this case, we should define the association between PUCCH and sub-slot. One option for PUCCH-to-sub-slot association is PUCCH belongs to a sub-slot if its starting symbol is located in the sub-slot, as shown in the Fig.9, PUCCH i is associated with sub-slot n, PUCCH j is associated with sub-slot n+2.
[image: ]
Fig.8 PUCCH resource set configuration for option 2
[image: ]
Fig.9 PUCCH-to-sub-slot association
PUCCH resource configuration for option 1 is a direct way, it may cause large number of PUCCH resource sets, especially when the number of sub-slots in one slot is large. Allowing PUCCH resource set configuration repetition in different sub-slots within one slot can be considered. In addition, new definition for starting symbol indication of PUCCH can reduce the number of PUCCH resource in each set which can further reduce the DCI overhead in PRI field for indicating a PUCCH resource in a set. PUCCH resource configuration for option 2 is similar with Rel.15, it is more suitable for PUCCH resource that is allowed to cross the sub-slot.

Proposal 5:
· Support additional PUCCH resource set(s) configuration for URLLC. 
· FFS details on whether it defined based on sub-slot or slot.
· FFS whether the HARQ-ACK feedback for URLLC can use Rel.15 PUCCH resources.
3. Separate HARQ-ACK codebook construction for different service types
PHY identification for identifying a HARQ-ACK codebook
In the RAN1#96bis, following options were agreed to be further down-selected to support two HARQ-ACK codebooks construction for different service types for a UE[1].
· Option 1: By DCI format
· Option 2: By RNTI
· Option 3: By explicit indication in DCI
· Option 4: By CORESET/search space
[bookmark: _Hlk7532718]For option 1, new DCI format introduced in Rel.16 for supporting URLLC traffic only is not decided yet. It is also not reasonable that new DCI format only can be used to schedule URLLC traffic. This option imposes the constrains on scheduling DCI. Furthermore, if multiple services will be supported in future, then more new DCI formats may be needed, which will need more specific work and increase the PDCCH blind complexity.
For option 2, if MCS-C-RNTI is used for identifying a HARQ-ACK codebook for URLLC traffic, it is not scalable if more than two services will be supported in future. If new RNTI is introduced for URLLC traffic only, it will increase false alarm probability. 
For option 3, explicit indication in DCI to identify a HARQ-ACK codebook, it is the most flexible way at the cost of increasing the DCI overhead, since it doesn’t impose any restriction on the scheduling for gNB. Therefore, this option is the most preferred one.
For option 4, it also imposes some unnecessary constraint on scheduling, since some CORESETs or search spaces can only be used for URLLC or eMBB, then resource of PDCCH for one service is limited.
Based on the analysis, following was proposed
Proposal 6:
· Support to use explicit indication in DCI for identifying a HARQ-ACK codebook for different services.
4. UL intra-UE transmission prioritization/multiplexing
4.1. Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
This scenario considers a case where the resources of uplink control transmission overlaps in time with other uplink control transmission relating to another, higher priority traffic [5]. In other words, a UE may be required to transmit a PUCCH at the middle of another PUCCH transmission. The control information includes HARQ-ACK, SR and CSI report. For URLLC services, CSI report used for URLLC scheduling to ensure the reliability is not always essential [6], so our focus on the uplink control information (UCI) for URLLC is HARQ-ACK and SR. When control information for URLLC-like services and for eMBB-like services collides, further discussion is necessary on whether it is allowed to multiplex the URLLC-UCI and eMBB-UCI into one resource. In general, the priority can be defined as HARQ-ACK for URLLC > SR for URLLC > HARQ-ACK for eMBB > SR for eMBB > CSI for eMBB. The service type priority should be indicated to the UE by explicit or implicit manner, so that the UE can decide UCI priority when collision happens.
Following are the analysis on different UCI collide combinations for different traffic types:
· SR and SR: It is noted that subclause 5.4.4 of [7] defines the detailed SR procedure including UE behavior when there is more than one overlapping valid PUCCH resource for the SR transmission. Therefore, for SR collides with SR for different traffic types, RAN2 should lead for discussion.
· HARQ-ACK and HARQ-ACK: In Rel.15, HARQ-ACKs on overlapping PUCCHs can be multiplexed and transmitted on one PUCCH if these two PUCCHs satisfy the defined timeline. However, if HARQ-ACK collision happens for different traffic types, if multiplexing HARQ-ACK on one PUCCH, the reliability and latency for HARQ-ACK associated with URLLC traffic cannot be ensured. The simplest way is to drop the HARQ-ACK corresponding to low priority traffic (e.g. eMBB), while it may cause the PDSCH retransmission for low priority traffic. Another way is to let NW ensure different PUCCH resource for at least two HARQ-ACK codebooks. Alternatively, puncturing the PUCCH carrying the HARQ-ACK for eMBB traffic by PUCCH with HARQ-ACK for URLLC can also be considered.
· HARQ-ACK and SR: in Rel.15, SR and HARQ-ACK can be multiplexed into one PUCCH for some cases depending on the PUCCH formats used for SR and HARQ-ACK as shown in Table 1 below. For Rel.16, it is still possible to multiplex SR for URLLC and HARQ-ACK for eMBB or vice versa in the same PUCCH if the PUCCH format used for SR and HARQ-ACK is the same, i.e., both use PUCCH format (PF) 1 or PUCCH format 0. For the case one of them uses PF1 and the other uses PF0, it is not necessary to address such case considering same coverage is targeted for the same UE supporting different traffic types. For the case HARQ-ACK for URLLC using PF 2/3/4 while SR for eMBB, it is also possible to multiplexing SR and HARQ-ACK based on Rel.15 since SR is only one bit. For the case HARQ-ACK for eMBB using PF 2/3/4 while SR for URLLC, SR for URLLC traffic needs to be prioritized over HARQ-ACK for eMBB. Dropping or puncturing the PUCCH carrying HARQ-ACK can be considered.  
Table 1 Rel.15 collision handling between SR and HARQ-ACK
[image: ]

· HARQ-ACK and CSI: HARQ-ACK for URLLC should be prioritized, CSI should be dropped or punctured.
Proposal 7:
· RAN2 can take the lead for the discussion for resource conflict between SR and SR.
Proposal 8:   
· For resource conflict between HARQ-ACK and HARQ-ACK/CSI for different traffic types, HARQ-ACK with higher priority should be transmitted. HARQ-ACK or CSI with lower priority is either dropped or punctured. 
· FFS how to derive the priority.
Proposal 9:
· For resource conflict between HARQ-ACK and SR for different traffic types, following two options can be considered in general:  
· Option 1: Transmit the HARQ-ACK or SR with higher priority, drop the SR or HARQ-ACK with lower priority. 
· Option 2: Dropping or multiplexing is determined case-by-case. 
· FFS how to derive the priority.
4.2. Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
This scenario considers a case where the resources of uplink control transmission overlaps in time with uplink data transmission relating to another traffic with either higher or lower priority [5]. In other words, a UE may be required to transmit a PUCCH at the middle of a PUSCH transmission or UE may be required to transmit a PUSCH at the middle of a PUCCH transmission. In general, the priority can be defined as SR/HARQ-ACK/PUSCH for URLLC > SR/HARQ-ACK/CSI for eMBB > PUSCH for eMBB.
There are two collide combinations should be studied:
· SR and PUSCH: In Rel-15, when SR in PUCCH overlaps in time with PUSCH, SR is dropped which is defined in MAC spec [7]. However, when the resource collision between SR associating to high-priority traffic (e.g. URLLC) and uplink data of lower-priority traffic (e.g. eMBB), the SR should be prioritized. Then the PUSCH corresponding to lower priority traffic can be dropped or punctured.
· HARQ-ACK and PUSCH: the main point is whether to allow the HARQ-ACK multiplex on PUSCH for the case when a HARQ-ACK corresponding to high priority traffic (e.g. URLLC) collides with PUSCH with lower priority (e.g. eMBB),  or for the case when HARQ-ACK corresponding to lower priority traffic (e.g. eMBB) collides with PUSCH with higher priority (e.g. URLLC). If allows, the performance in terms of latency for HARQ-ACK for URLLC or the reliability for URLLC PUSCH may be degraded, depending on the number of HARQ-ACK bits. Similar as HARQ-ACK and SR collision for different traffic types. Generally, two options can be further discussed.
· Option 1: Transmit the HARQ-ACK or PUSCH with higher priority, drop the HARQ-ACK or PUSCH with lower priority. 
· Option 2: Dropping or multiplexing is determined case-by-case. 
· CSI and PUSCH: When PUSCH associating higher priority traffic (e.g., URLLC) collides with CSI corresponding to low priority traffic (e.g., eMBB), the CSI will be dropped, only PUSCH will be transmitted.  
[bookmark: _Hlk7687487]Proposal 10:   
· For resource conflict between SR for higher priority traffic and PUSCH for lower priority traffic, drop or puncture the PUSCH with lower priority.
· For resource conflict between PUSCH for higher priority traffic and CSI for lower priority traffic, drop the CSI.
· For resource conflict between HARQ-ACK and PUSCH for different traffic types, following two options can be considered in general:  
· Option 1: Transmit the HARQ-ACK or PUSCH with higher priority, drop the PUSCH or HARQ-ACK with lower priority. 
· Option 2: Dropping or multiplexing is determined case-by-case. 
· FFS how to derive the priority.
5. Conclusion
In this contribution, we discussed the possible UCI enhancements and intra-UE multiplexing for URLLC. Proposals are summarized as following: 
Proposal 1:
· For sub-slot based HARQ-ACK feedback procedure, Type I HARQ-ACK codebook should be supported.
Proposal 2:
· For the length of UL sub-slots in a slot, at least 2-symbol and 7-symbol sub-slot length should be supported.
· FFS other number of sub-slot and sub-slot length to efficiently co-exist with the slot length.
Proposal 3:
For PDSCH-to-sub-slot association, 
· For Type2 HARQ-ACK codebook, PDSCH is associated with sub-slot k if its ending symbol is in sub-slot k;
· For Type1 HARQ-ACK codebook, the association between entries in the PDSCH time domain resource allocation table and sub-slot can be determined based on the ending position of the entries in the PDSCH time domain resource allocation table, i.e.,
· The PDSCH time domain resource allocation table is divided into multiple sub tables based on the length and number of sub-slot, and each of the corresponding sub table is used to determine the candidate PDSCH reception occasions within the sub-slot.
Proposal 4:
· For sub-slot-based HARQ-ACK feedback procedure, PUCCH across sub-slot boundary should be allowed.
Proposal 5:
· Support additional PUCCH resource set(s) configuration for URLLC. 
· FFS details on whether it defined based on sub-slot or slot.
· FFS whether the HARQ-ACK feedback for URLLC can use Rel.15 PUCCH resources.
Proposal 6:
· Support to use explicit indication in DCI for identifying a HARQ-ACK codebook for different services.
Proposal 7:
· RAN2 can take the lead for the discussion for resource conflict between SR and SR.
Proposal 8:   
· For resource conflict between HARQ-ACK and HARQ-ACK/CSI for different traffic types, HARQ-ACK with higher priority should be transmitted. HARQ-ACK or CSI with lower priority is either dropped or punctured. 
· FFS how to derive the priority.
Proposal 9:
· For resource conflict between HARQ-ACK and SR for different traffic types, following two options can be considered in general:  
· Option 1: Transmit the HARQ-ACK or SR with higher priority, drop the SR or HARQ-ACK with lower priority. 
· Option 2: Dropping or multiplexing is determined case-by-case. 
· FFS how to derive the priority.
Proposal 10:   
· For resource conflict between SR for higher priority traffic and PUSCH for lower priority traffic, drop or puncture the PUSCH with lower priority.
· For resource conflict between PUSCH for higher priority traffic and CSI for lower priority traffic, drop the CSI.
· For resource conflict between HARQ-ACK and PUSCH for different traffic types, following two options can be considered in general:  
· Option 1: Transmit the HARQ-ACK or PUSCH with higher priority, drop the PUSCH or HARQ-ACK with lower priority. 
· Option 2: Dropping or multiplexing is determined case-by-case. 
· FFS how to derive the priority.
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