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1 Introduction

At the RAN1 #98bis meeting, the following agreements were reached on URLLC UCI enhancement:
Agreements:

Confirm the following WA with update:
Original working assumption

· Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known

Updated to:

· Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.
· The PHY-layer SR priority is determinined by an explicit indication (as a new RRC parameter) for each SR resource configuration.

Agreements:

· Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 

· Note: This does not preclude possibility of extending it in future releases.

· An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release

· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
Agreements:

2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.

Agreements:

2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
Agreements:

For handling intra-UE collision in R16, 

· P/SP-CSI on PUCCH is treated with low priority.
· The priority of a SP-CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the SP-CSI. 

· The priority of a A-CSI depends on the 2-level PHY priority of the PUSCH (w/ or w/o UL-SCH) conveying the A-CSI. 

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, PDSCH-HARQ-ACK-Codebook is separately configured.
Agreements:

For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).

· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.

· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviours.

· FFS details of processing timeline issues, e.g.

· How to handle the case where the timeline condition is not satisfied.

· Necessity of a new timeline.

Agreements:

· For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. 
Agreements:

R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.

· Both are slot-based.

· Both are sub-slot-based

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, at least the followings are separately configured.
· For DG
· UCI-OnPUSCH
· For CG
· FFS
· codeBlockGroupTransmission

· FFS K1
Agreements:

Any sub-slot PUCCH resource is not across sub-slot boundaries. 
In this contribution, we discuss the remaining issues for UL control enhancements for URLLC including multiple PUCCHs for HARQ-ACK within a slot and provide some analysis forUCI multiplexing/prioritization.
2 Discussion

2.1 Multiple PUCCHs for HARQ-ACK within a slot
Sub-slot-based HARQ-ACK feedback procedure was agreed for supporting multiple PUCCHs for HARQ-ACK within a slot. There are some details to be further considered:
Additional sub-slot configuration
Two sub-slot configurations for PUCCH were agreed: “2-symbol*7” and “7-symbol*2”. Whether supporting 4 or 14 sub-slots in a slot is FFS. 

We do not see the benefits of defining 4 sub-slots in a slot. If we define a pattern of {4,3,4,3} symbols, only 2-symbol PUCCH can be configured in the sub-slot with 3 symbols since 3-symbol PUCCH is not supported in NR. If 3/4 symbols are required for coverage, only two sub-slots with 4 symbols in a slot can be used, then there is no benefit of configuring 4 sub-slots in a slot compared with configuring 2 sub-slots of 7 symbols in a slot.
The reason for supporting 14 sub-slots in a slot is that more PUCCH transmission occasions are beneficial for pipeline feedback with latency reduction for TDD and FDD SUL scenario, also more transmission occasions are provided for multi-TRP scenario [1]. However, TDD and FDD SUL scenario is not a typical scenario for URLLC since the latency requirement may not be satisfied. Meanwhile, HARQ-ACK multiplexing can be used when 7 sub-slots are configured in a slot with maximum 1 symbol delay.  For multi-TRP scenario, separate ACK/NACK feedback for PDSCHs received from different TRPs was agreed. Multiple PUCCHs with HARQ-ACK for different TRPs can be allowed in a sub-slot instead of introducing 14 sub-slots in a slot which can be discussed in MIMO enhancement work item. 
Hence, we do not think support of 4 or 14 sub-slots in a slot for HARQ-ACK is needed for URLLC.

Proposal 1: 4 or 14 sub-slots in a slot for HARQ-ACK is not supported for URLLC.

It was agreed that a single PUCCH resource set can be configured for all the sub-slots within a slot, a FFS point is whether or not to additionally support PUCCH resource configuration which can be different for different sub-slots. Since PUCCH for HARQ-ACK across sub-slot boundary is not supported and we only support the sub-slot configuration of “2-symbol*7” and “7-symbol*2”, there is no motivation to support additional PUCCH resource set for different sub-slots within a slot.

Proposal 2: Additional PUCCH resource set for different sub-slots within a slot is not supported.
Type-1 HARQ-ACK codebook
It was agreed that R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type-2 HARQ-ACK codebook. If Type-1 HARQ-ACK codebook is supported for sub-slot based HARQ-ACK, it is not clear how to reuse R15 HARQ-ACK codebook construction method.

The first understanding is to reuse the pseudo code of R15 Type-1 HARQ-codebook by changing UL slot to UL sub-slot to the existing pseudo-code as given in appendix, and then there are some issues as discussed in [2]. 

The second understanding is to reuse the principle of R15 Type-1 HARQ-codebook by defining the same number of DL sub-slots in a slot as the UL sub-slots in a slot. Then, in case of the SCS configurations are different between uplink and downlink or in case of ECP and NCP between uplink and downlink, similar issues as discussed in [2] exist. 

The third understanding is to find all the PDSCH occasions based on the boundary of UL sub-slot as discussed in [3], then it is an optimized solution based on Rel-15 Type-1 HARQ-codebook, and it has big impact on pseudo-code for Type-1 HARQ-ACK codebook.

Type-1 HARQ-ACK codebook provides more reliable feedback in case PDCCH is missed at the cost of higher feedback overhead. For URLLC, the reliability of PDCCH transmission is very high; hence the probability of PDCCH missing is very low. Furthermore, the overhead of Type-1 HARQ-ACK codebook is higher leading to less reliable HARQ-ACK feedback which is not suitable for URLLC. So the necessity of using Type-1 HARQ-ACK codebook for URLLC is not clear. Moreover, specification efforts as discussed above are needed to support the use of Type-1 HARQ-ACK codebooks for URLLC. Therefore, we propose that Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback.
Proposal 3: Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback.
2.2 Enhancements to UCI multiplexing/prioritization
2.2.1 Priority determination
For UCI multiplexing/prioritization, it was agreed that 2-level PHY priority should be defined for HARQ-ACK and PUSCH, however, there is no conclusion on how to determine the priority of DG PUSCH and HARQ-ACK for dynamic PDSCH. The following four options can be considered: 

· 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 
For option 1, service types with different priorities are distinguished based on DCI format which means that a DCI format can only schedule a specific traffic type. Whether or not to allow a DCI format to schedule service types with different priorities should be first considered. In Rel-15, a legacy DCI format can schedule both URLLC and non-URLLC traffic types, it is not reasonable to limit a legacy DCI format to be able to schedule non-URLLC traffic only in Rel-16. Similarly, a new DCI format introduced in Rel-16 should be able to schedule both URLLC and non-URLLC traffic types. 
Option 2 associates a RNTI with a traffic type. MCS-C-RNTI was introduced in Rel-15 to indicate MCS selection from the low SE 64-QAM MCS table. Option 2 extends its usage to indicate URLLC traffic type while C-RNTI is used to indicate non-URLLC traffic type. This option can dynamically indicate a priority for HARQ-ACK or DG PUSCH without additional DCI overhead. 
For option 3, it increases the DCI overhead if a new field is introduced and the reliability of URLLC DCI would be degraded, which is not in line with the principle of reducing the payload size for the new DCI. In addition, as discussed for option 1, if a legacy DCI format can schedule service types with different priorities, new DCI field should be introduced in legacy DCI formats as well. 

For option 4, configuring different UE-specific search space sets for PDCCH scheduling traffic types with different priorities can be used for differentiating priorities since the requirement of periodicity of PDCCH monitoring occasions can be different. Option 4 is more future proof to support the differentiation of more than two traffic types with different latency and/or reliability requirements or HARQ-ACK codebooks. For example, in the transport industry a UE may support remote driving with 5ms end-to-end latency and also support a different ITS application requiring 10ms end-to-end latency as described in TR 38.824, whilst also supporting latency-toleration data at a target BLER of 10-1. The issue is that the PDCCH candidates of different UE-specific search spaces should not be fully overlapped if the DCI sizes for different traffic types are aligned and the CORSET configuration for different UE-specific search spaces are the same, otherwise UE cannot distinguish the traffic type by UE-specific search space. For PDCCH in common search space, a predetermined traffic type can be defined, such as only non-URLLC traffic can be scheduled by PDCCH in common search space.
Comparing the above options, we consider option 2 can be used to identify the priority of DG PUSCH and HARQ-ACK for dynamic PDSCH.  
Proposal 4: The priority of DG PUSCH and HARQ-ACK for dynamic PDSCH is identified by RNTI.

For SPS PDSCH, SPS PDSCH release and Type-2 CG PUSCH, it was agreed that an explicit indication (as a new RRC parameter) in each SPS PDSCH and Type-2 CG PUSCH configuration provides mapping to corresponding priority. An FFS point is whether/how or not to further indicates a mapping to corresponding priority by DL SPS or Type-2 CG activation. The periodicity and some other parameters of a DL SPS and a Type-2 CG configuration are semi-statically configured by RRC which typically match with a particular service type. Hence, there is no clear motivation to change the priority based on the activation DCI. Further indicate a mapping to corresponding priority by DL SPS activation or Type-2 CG PUSCH activation should not be supported.

Proposal 5: Additional indicating a mapping to corresponding priority by DL SPS activation or Type-2 CG PUSCH activation should not be supported.
2.2.2 Principles for UCI multiplexing
It was agreed that UE will drop the low-priority UL transmission at the PHY layer in case a high-priority UL transmission overlaps with a low-priority UL transmission. However, there are some FFS issues left. The first issue is how to treat the other types of UL transmission like SRS, PRACH and PUCCH-BFR. According to the Rel-15 principle for SRS overlapping with other UL transmission on the same carrier, SRS will be prioritized only when A-SRS overlapping with CSI only on PUCCH, and in case of intra-band carrier aggregation or in inter-band CA band-band combination where simultaneous SRS and PUCCH/PUSCH transmissions are not allowed, a UE is not expected to be configured with SRS in a carrier and other UL transmission in a different carrier in the same symbol. These principles can be reused in Rel-16. 
For PRACH, the collision between PRACH and SRS/PUCCH/PUSCH is left to UE implementation in Rel-15.  The same principle can be used in Rel-16. If PRACH is on SCell, it shall only be initiated by a PDCCH order, then gNB can avoid the overlapping between PRACH and other UL transmission by implementation. If PRACH is on PCell, when PRACH is used for UL synchronization, there should no other overlapping UL transmissions since UE should release PUCCH/PUSCH/SRS for all Serving Cells when uplink time of PTAG is not aligned; and when PRACH is used as SR, it may be either related with high priority or low priority, and then the importance of PRACH and other UL transmissions should be determined by the corresponding priorities. However, we should not define priority for PRACH since it is not related with LCH priority, then for collision between PRACH and other UL transmission, it can be left to UE implementation in Rel-16.
For PUCCH-BFR, since it is similar as SR then a priority can be configured for the corresponding PUCCH resource, the multiplexing/prioritization between PUCCH-BFR and other UL transmission is the same as SR and other UL transmission.
Proposal 6: For intra-UE collision handling at the PHY layer, other types of UL transmission like SRS, PRACH and PUCCH-BFR can be treated as below:

· Rel-15 principle for SRS overlapping with other UL transmission can be reused; 

· the collision between PRACH and other UL transmission is left to UE implementation;
· A priority can be configured for PUCCH-BFR similar as for SR.
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Figure 2 Timeline requirment for UL channel overlapping of mixed traffic type
Whether a timeline is needed should be further discussed. From our understanding, the timeline requirement as in R15 should be satisfied for the URLLC traffic type when multiplexing is applied, i.e. overlapping between URLLC HARQ-ACK and URLLC SR/PUSCH. For the case of overlapping between URLLC PUSCH and URLLC SR, if both transmissions are with high priority in PHY, since data arriving time could be different, it gives more flexibility to allow MAC to deliver a second PDU/SR of later coming traffic to PHY associated with a previous PUSCH/SR resource after the first PDU/SR delivering associated with a previous PUSCH/SR resource [4]. PHY could select the PUSCH/SR with a later coming PDU/SR and drop/stop the PUSCH/SR with an earlier coming PDU/SR and the timeline is not needed in this case. For different traffic types, the timeline requirement as in R15 does not need to be satisfied since it may introduce additional delay for URLLC HARQ-ACK feedback/PUSCH otherwise. As shown in Figure 2, if a eMBB SR overlaps with a URLLC HARQ-ACK resource and the URLLC HARQ-ACK resource starts later than SR resource, if timeline requirement needs to be satisfied, PDSCH and corresponding DCI need to be transmitted T1/T2 before the start of SR resource which may delay the DL scheduling or HARQ-ACK feedback if DL data arrives later. In the contrast, if the timeline requirement does not need to be satisfied, URLLC PDSCH can be scheduled later with corresponding HARQ-ACK overlapping with SR resource. 
Another left issue is details of dropping behaviors. Since the timeline may not be satisfied for different traffic types, hence UE may have started to transmit the channel with lower priority before UE knows there is an overlapping channel which has higher priority; in this case, UE should drop the low priority channel as soon as it knows there is an overlapping channel which has higher priority. Since the DMRS of the low priority channel may be dropped and the coding rate is increased after partial dropping, the possibility of gNB successfully decoding the channel with low priority is low and it increases the detection complexity in gNB, hence it is preferred that UE drops the channel with low priority without resume.
Proposal 7: The timeline requirement as in R15 should be satisfied for the same traffic type, i.e. eMBB or URLLC. For different traffic types, the timeline requirement as in R15 does not need to be satisfied.
Proposal 8: UE should drop the low priority channel as soon as it knows there is an overlapping channel which has higher priority without resume.

Proposal 9: For overlapping between SR and PUSCH with both high priorities, UE prioritize the later received SR/MAC PDU from MAC.
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Figure 3 Timeline requirment for UL channel overlapping of mixed traffic type
If URLLC HARQ-ACK can be multiplexed on PUSCH, we should further consider whether the scheduling restriction as in R15 is needed. In R15, a UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission. In R16 URLLC, the restriction should be removed since it may introduce additional latency for URLLC. As shown in Figure 3, if gNB schedule a PUSCH by a DCI and if the scheduling restriction needs to be satisfied, DCI scheduling a PDSCH need to be transmitted no later than the DCI scheduling the PUSCH if the HARQ-ACK for the PDSCH will be multiplexed on the PUSCH. Otherwise, the HARQ-ACK feedback should be delayed.
Proposal 10: In Rel-16, it is allowed that a DCI format scheduling a PDSCH reception or a SPS PDSCH release after a DCI format scheduling a PUSCH transmission and UE multiplexes HARQ-ACK information corresponding to the PDSCH or the SPS PDSCH release in the PUSCH transmission.
For the case of overlapping between multiple UL transmissions with different priorities, the order of multiplexing/prioritization should be defined. In order to avoid circular execution of multiplexing/prioritization, it is preferred that the UL intra-UE multiplexing/prioritization are first performed within each traffic type followed by UL intra-UE prioritization across different traffic types if necessary. 
Proposal 11: The UL intra-UE multiplexing/prioritization are first performed within each traffic type followed by UL intra-UE prioritization across different traffic types if necessary.
2.2.3 UCI multiplexing for URLLC only

For UCI multiplexing on PUCCH for Rel-16 URLLC only traffic, the Rel-15 rules can be reused when applicable. For single HARQ-ACK overlapping with another PUCCH carrying SR, there are two FFS points as below:

· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.

· FFS SR with HARQ-ACK in PF 2, 3, 4

For a URLLC SR with PF0 overlapping with a HARQ-ACK with PF1, it is considered as a corner case since it is not clear in which scenario UE should use a long PUCCH and a short PUCCH simultaneously. gNB can avoid this case by configuring the same PUCCH format for HARQ-ACK and SR. For URLLC SR(s) overlapping with a HARQ-ACK with PF2/3/4, SR(s) is/are multiplexed on PUCCH resource, since the number of SR bits is limited and can be known in advance by the gNB, gNB can indicate a PUCCH resource which can carry more bits to ensure the reliability of both HARQ-ACK and SR, hence enhancement is not needed.
Proposal 12: Enhancements for the case of single URLLC HARQ-ACK overlapping with URLLC SR is not needed.
For multiple URLLC HARQ-ACKs overlapping with another PUCCH carrying URLLC SR, there is no multiplexing rule defined in Rel-15, the following options can be considered:

· Option 1: Drop SR
· Option 2: Avoid such overlapping cases
· Option 3: Define new multiplexing rules
For option 1, the SR is dropped and this will increase the URLLC latency. For option 2, it can be realized by limiting SR resource within a sub-slot, since we prefer HARQ-ACK resource is limited within a sub-slot, a PUCCH with SR can only overlap with one PUCCH for HARQ-ACK. For option 3, it is a little complicated since there are different overlapping cases to be considered, the detailed multiplexing rule should be defined for each case. We prefer option 2 since it is simple and there is no impact to performance.

Proposal 13: For multiple URLLC HARQ-ACKs overlapping with another PUCCH carrying URLLC SR, avoid such overlapping cases by limiting both URLLC SR resource and PUCCH resource for URLLC HARQ-ACK within a sub-slot.
Since multiple PUCCHs for HARQ-ACK within a slot is supported, it is possible that multiple PUCCHs with HARQ-ACK overlap with a PUSCH. To avoid the impact on specification, it can be handled by network to avoid scheduling PUSCH overlapping with more than 1 PUCCH with HARQ-ACK. Since the duration of PUSCH for URLLC traffic is expected to be short, there will be no extra loss by introducing the limitation. Otherwise if multiple HARQ-ACKs are multiplexed on the same PUSCH, whether joint coding or separate coding of the two HARQ-ACKs, the detail of the mapping principle and how to indicate the DAI and beta-offsets for these two codebooks should be further considered.
2.3 Type-1 codebook enhancement for new DCI format
It was agreed that for a PDSCH scheduled by a new DCI format in Rel-16, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV at least for same slot scheduling. This has impact on Type-1 HARQ-ACK codebook determination, UE should determine all the possible PDSCH occasions based on all the PDCCH monitoring occasions and the SLIVs in a slot if new DCI format is supported by the UE.
Observation 1: If Type-1 HARQ-ACK codebook is configured and new DCI format can be used for scheduling PDSCH with corresponding HARQ-ACK in Type-1 HARQ-ACK codebook, enhancement should be considered for Type-1 HARQ-ACK codebook in Rel-16 since the reference point of PDSCH TDRA is changed from slot boundary to the starting point of PDCCH transmission.
3 Conclusion
This contribution discussed possible PHY enhancements to adequately support Rel-16 URLLC use cases. For enhanced HARQ-ACK feedback and UCI multiplexing we have the following observation and proposals:
Observation 1: If Type-1 HARQ-ACK codebook is configured and new DCI format can be used for scheduling PDSCH with corresponding HARQ-ACK in Type-1 HARQ-ACK codebook, enhancement should be considered for Type-1 HARQ-ACK codebook in Rel-16 since the reference point of PDSCH TDRA is changed from slot boundary to the starting point of PDCCH transmission.
Proposal 1: 4 or 14 sub-slots in a slot for HARQ-ACK is not supported for URLLC.

Proposal 2: Additional PUCCH resource set for different sub-slots within a slot is not supported.
Proposal 3: Type-1 HARQ-ACK codebook is not supported for sub-slot based HARQ-ACK feedback.
Proposal 4: The priority of DG PUSCH and HARQ-ACK for dynamic PDSCH is identified by RNTI.

Proposal 5: Additional indicating a mapping to corresponding priority by DL SPS activation or Type-2 CG PUSCH activation should not be supported.
Proposal 6: For intra-UE collision handling at the PHY layer, other types of UL transmission like SRS, PRACH and PUCCH-BFR can be treated as below:

· Rel-15 principle for SRS overlapping with other UL transmission can be reused; 

· the collision between PRACH and other UL transmission is left to UE implementation;

· a priority can be configured for PUCCH-BFR similar as for SR.
Proposal 7: The timeline requirement as in R15 should be satisfied for the same traffic type, i.e. eMBB or URLLC. For different traffic types, the timeline requirement as in R15 does not need to be satisfied.
Proposal 8: UE should drop the low priority channel as soon as it knows there is an overlapping channel which has higher priority without resume.

Proposal 9: For overlapping between SR and PUSCH with both high priorities, UE prioritize the later received SR/MAC PDU from MAC.
Proposal 10: In Rel-16, it is allowed that a DCI format scheduling a PDSCH reception or a SPS PDSCH release after a DCI format scheduling a PUSCH transmission and UE multiplexes HARQ-ACK information corresponding to the PDSCH or the SPS PDSCH release in the PUSCH transmission.
Proposal 11: The UL intra-UE multiplexing/prioritization are first performed within each traffic type followed by UL intra-UE prioritization across different traffic types if necessary.
Proposal 12: Enhancements for the case of single URLLC HARQ-ACK overlapping with URLLC SR is not needed.
Proposal 13: For multiple URLLC HARQ-ACKs overlapping with another PUCCH carrying URLLC SR, avoid such overlapping cases by limiting both URLLC SR resource and PUCCH resource for URLLC HARQ-ACK within a sub-slot.
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