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1. Introduction
[bookmark: _Hlk4423604]In RAN1 #98b meeting, following agreements related to UCI enhancements for the URLLC were achieved [1]:
	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 determined 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 firstly discuss how to support sub-slot based HARQ-ACK feedback for more than one PUCCH within one slot. Then we discuss separate HARQ-ACK codebook construction for different service types. At last, we discussed UL intra-UE transmission prioritization for NR URLLC. 
2. More than one PUCCH with HARQ-ACK within a slot
Whether sub-slot based HARQ codebook construction is applied for Type I HARQ-ACK codebook
It has been 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 still FFS for Type I HARQ-ACK codebook. For a UE supporting both eMBB and URLLC services and configured with CA, as shown in Fig.1 below, it is necessary to allow one or more cells to be dynamically assigned for URLLC traffic. The motivation to support Type I 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. For multiple DL SPS configurations with SPS periodicities larger than one slot, Type I HARQ-ACK codebook can support the HARQ-ACK feedback for the multiple SPS PDSCHs with almost no specification impacts [2]. Therefore, Type I HARQ-ACK codebook should be supported for Rel.16 UE supporting URLLC traffic.
[image: ]
Fig.1 Example for CCs dynamically assigned for URLLC traffic
[bookmark: _Hlk15547977]Proposal 1:
· For sub-slot based HARQ-ACK feedback procedure, Type I HARQ-ACK codebook should be supported.

Number or length of UL sub-slots in a slot
In RAN1 #98 meeting, it was agreed that two sub-slot configurations for PUCCH “(2-symbol x 7)” and “(7-symbol x 2)” are supported. Whether other sub-slot configurations are supported or not is FFS. Supporting multiple options of sub-slots length can provide more flexibility, which is beneficial for different services with different requirements. in addition, 4 monitoring occasions within one slot is one important configuration to meet the 1ms latency requirement [3]. Correspondingly, 4-symbol sub-slot PUCCH should be supported. To accommodate the slot length consisting of 14 symbols, some specified sub-slot patterns 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)
[bookmark: _Hlk15549421]Proposal 2:
· For the length of UL sub-slots in a slot, 4-symbol should be supported.
· Sub-slot pattern(s) e.g. {4/3/4/3} is/are specified for 4/3-symbol sub-slot PUCCH.  

3. Separate HARQ-ACK codebook construction for different service types
Remaining issues on RRC configurations for multiple HARQ-ACK codebooks
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, there are still some FFS for whether separately configure following RRC parameters for different HARQ-ACK codebooks:
· SchedulingRequestResourceConfig
· Multi-CSI-PUCCH-ResourceList
· K1(dl-DataToUL-ACK)
· FFS CG-UCI-OnPUSCH 
The IE SchedulingRequestResourceConfig determines physical layer resources on PUCCH where the UE may send the dedicated scheduling request, including schedulingRequestResourceId, schedulingRequestID, periodicityAndOffset and PUCCH resource ID. In RAN1 #98b meeting, it has been agreed that an explicit indication in SR resource configuration is used to indicate the PUCCH resource for SR for which service. Therefore, it is not necessary to additional support separate configuration for SchedulingRequestResourceConfig.
In Rel-15, if the UE is provided with multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources are overlapped in time domain, the UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourceList. While in Rel-16, since CSI report in PUCCH is always low priority, multi-CSI-PUCCH-ResourceList is only applied in PUCCH resources overlapping for CSI reports with same low priority,                          there is no need to separately configure multi-CSI-PUCCH-ResourceList for different services.
When two HARQ-ACK codebooks for different services are all constructed based on sub-slot configuration, e.g., one is for eMBB, another is for URLLC. Separate configuration for K1 is beneficial to satisfy different latency requirement of different services.
In order to satisfy different reliability requirement for different services, it has been agreed that sperately configure UCI-OnPUSCH for DG PUSCH in last meeting for multiplexing UCI on PUSCH for different services. However, it is still FFS for CG-UCI-OnPUSCH for CG PUSCH. In Rel-15, CG-UCI-OnPUSCH is semi-static configured for type1 CG. gNB can configure suitable Betaoffset value for different services with the semi-static priority configuration of CG PUSCH, e.g., smaller Betaoffset value for CG PUSCH with high priority to guarantee the reliable data transmission, larger Betaoffset value for CG PUSCH with low priority to guarantee the reliable UCI transmission. It is not necessary to introduce new parameter regarding to CG-UCI-OnPUSCH for type1 CG in Rel-16, but the new values for Betaoffset can be added. For Type 2 CG, which configuration (CG-UCI-OnPUSCH for CG or for DG) to use depends on the activation DCI formats. Simpler and clean way is following:
· If DCI format 0_2 and DCI format 0_1 is used for activation, use the same Rel.16 mechanism including the RRC configurations as that for DG.
· If DCI format 0_0 is used for activation, re-use the Rel.15 mechanism including the RRC configurations.

Proposal 3:
· When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, 
· Separate configuration for K1 should be supported.
· Separate configuration for SchedulingRequestResourceConfig and multi-CSI-PUCCH-ResourceList should not be supported.
· For CG-UCI-OnPUSCH,
· For type1 CG, reuse Rel.15 RRC parameter with newly added values of CG-UCI-OnPUSCH.
· For type2 CG, 
· If DCI format 0_2 and DCI format 0_1 is used for activation, use the same Rel.16 mechanism including the RRC configurations as that for DG.
· If DCI format 0_0 is used for activation, re-use the Rel.15 mechanism including the RRC configurations.
PHY identification for identifying a HARQ-ACK codebook for dynamic scheduled PDSCH  
To support simultaneously HARQ-ACK codebook construction for different service types for a UE, PHY identification for a HARQ-ACK codebook is needed. While it is still FFS for identifying HARQ-ACK codebook for dynamic scheduled PDSCH in PHY layer, our views are given for possible options as following:
· By DCI format: Although new DCI format is introduced for Rel.16 [2], it is unnecessary to link the new DCI format to one service type. It is restrictive to prevent gNB from using Rel-15 DCI formats to schedule URLLC traffic. 
· By RNTI: If MCS-C-RNTI is used for identifying a HARQ-ACK codebook for URLLC traffic, it is not forward compatible if more than two services will be supported in future. Besides, it may increase false alarm probability. 
· By CORESET/search space: It also imposes some unnecessary constraints on scheduling, since some CORESETs or search spaces can only be used for URLLC or eMBB. In addition, BD will be increased. 
· By explicit indication in DCI. It can provide the best flexibility for gNB scheduling and it does not require BD increase. The drawback of this option is overhead increase. However, we think 1-bit overhead is still affordable considering the benefits. Other fields can be compressed to make some room for it. Therefore, this option is preferred.
Proposal 4:
· For PHY identification for identifying a HARQ-ACK codebook for different services
· Support to use explicit indication in scheduling DCI for dynamic PDSCH

4. UL intra-UE transmission prioritization/multiplexing
HARQ-ACK priority determination for SPS PDSCH in PHY layer   
In RAN1 #98b meeting, it was agreed to support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH/SPS PDSCH release in R16. An explicit indication in each SPS PDSCH configuration in RRC provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release.  While for joint SPS PDSCH release, only 1 HARQ-ACK bit will be generated, which is associated with multiple SPS PDSCH configurations, its HARQ-ACK priority determination should be discussed. Following methods can be considered:
· Alt.1:  for joint release, UE does not expect the priority level value indicated by RRC for multiple SPS configurations are different if the multiple SPS configurations are included in one SPS-ConfigDeactivationState.
· Alt.2:  for joint release, priority level indicated by RRC in its corresponding multiple SPS configurations can be different. The priority for HARQ-ACK for joint release is determined based on following rules:
· Alt. 1-1: The priority is fixed as high priority/or low priority if multiple SPS configurations are configured with different priorities.
· Alt. 1-2: The priority is based on a predefined rule. E.g., the priority for joint SPS release is same with the priority level value for HARQ-ACK for SPS configuration with smallest/largest SPS configuration index.
Alt. 2 provides more flexibility, while Alt.1 is simple and whether the flexibility of Alt. 2 is needed or not is not clear, then Alt.1 is slightly preferred.
For the priority determination for HARQ-ACK for SPS PDSCH retransmission scheduled by PDCCH, whether its priority is same with the priority level configured by RRC for initial SPS PDSCH transmission or follows the same way as that for dynamic PDSCH derived the priority by DCI is not defined. The latter way is more flexible and beneficial for multiplexing operation in some cases. For example, a URLLC PUSCH collides with an eMBB PUCCH for 1-bit HARQ-ACK for SPS PDSCH retransmission, dynamically change the priority level of HARQ-ACK for SPS PDSCH retransmission by gNB allowing to multiplex 1-bit HARQ-ACK in PUSCH if PUSCH transmission performance is not impacted. Then, for HARQ-ACK for SPS PDSCH retransmission, the priority is determined by the scheduled DCI is preferred. This can be applied for DCI format 1_0, DCI format 1_1 and DCI format 1_2. 
[bookmark: _Hlk23940661][bookmark: _Hlk23939398]Another issue related to HARQ-ACK priority indication for SPS PDSCH is whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation to complement or overwrite the RRC configured indication. On the one hand, semi-static priority indication by RRC for HARQ-ACK for SPS PDSCH in each SPS configuration was supported in last meeting. It is sufficient for intra-UE collision case handling for HARQ-ACK of SPS PDSCH. If overwrite the RRC configured indication is for flexibility, directly use the corresponding DCI to indicate the priority rather than semi-static configuration by RRC seems more better. Then it is no necessary to overwrite the RRC configured priority indication by activation DCI. On the other hand, since the priority indication for HARQ-ACK for SPS PDSCH retransmission depends on DCI, a unified rule that indicate the HARQ-ACK priority by activation DCI/or scheduled DCI applied for both initial SPS PDSCH transmission and SPS PDSCH retransmission also seems acceptable. Therefore, we are open for the discussion of this issue.
Proposal 5:
· For HARQ-ACK priority determination for joint SPS PDSCH release, UE does not expect the priority level indicated by RRC in its corresponding multiple SPS configurations is different.
Proposal 6:
· For HARQ-ACK priority determination for retransmission of SPS PDSCH scheduled by DCI, follows the same way for dynamic scheduled PDSCH, which depends on the scheduled DCI.

PUSCH priority determination in PHY layer
For DG PUSCH, support 2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling. Similar with HARQ-ACK priority for dynamic scheduled PDSCH, the DG PUSCH priority at PHY layer can be derived by DCI format/RNTI/ CORESET/search space/ explicit indication in DCI. Compared with other manners, explicit indication in DCI with 1-bit overhead is most flexible and simple, it is also aligned with the HARQ-ACK priority identification for dynamic PDSCH. Then we prefer to identify DG PUSCH priority in PHY layer by explicit indication in scheduled DCI.
[bookmark: _Hlk23931598]For CG PUSCH, it was agreed that 2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication in RRC in each CG configuration for Type 1 and Type2 CG PUSCH in last meeting. While the priority determination for retransmission of CG PUSCH scheduled by PDCCH should be also defined. It can be down-selected from following two options:
· Option 1: Priority for retransmission of CG PUSCH scheduled by UL grant follows the priority configured by RRC for CG initial transmission regardless of the DCI formats. UE does not expect the priority level indicated by the UL grant is different from the priority level configured by higher layer.
·  Option 2: Priority determination for retransmission of CG PUSCH follows the priority indicated by a PHY indication/signalling in scheduled DCI/UL grant.
Option 2 is more flexible. It is also aligned with HARQ-ACK priority determination for retransmission of SPS PDSCH. Therefore, option 2 is preferred.
Regarding the FFS whether/how to further have in Type2 CG PUSCH activation complement or overwrite the RRC configured indication, the same option for overwrite HARQ-ACK priority configured by RRC for SPS PDSCH can be adopted. It seems not necessary to support overwrite the RRC configured priority indication for Type2 CG PUSCH by activation DCI, but if any benefit, supporting overwrite the RRC configured priority indication is also acceptable.
Proposal 7:
· The PUSCH priority is known at PHY layer by explicit indication in scheduling DCI for DG PUSCH.
Proposal 8:
· Priority determination for retransmission of CG PUSCH follows the priority indication for DG PUSCH by a PHY indication/signalling.

UL Intra-UE multiplexing/prioritization
In RAN1 #98b meeting, for intra-UE collision case handling for data/control and control/control, some agreements were achieved for handling collision cases between two UL channels with different priorities and same low priority [1]. Then regarding the UL intra-UE collision case handling, following two aspects need to be further discussed:
· Resource collision between two channels with high priority
In case of resource collision between two channels with same high priority, a general handling rule is to reuse Rel-15 multiplexing rule as baseline. While for collision case between URLLC SR and URLLC HARQ-ACK, whether to directly follow Rel.15 multiplexing rule is controversial [4]. In case HARQ with PF1 collides with SR with PF0, if SR is dropped, it may cause the delay for URLLC UL transmission. However, it is not necessary to optimize such case for a given UE, given the similar reliability/coverage requirement. Another issue is how to handle the collision case between URLLC PUSCH and URLLC HARQ-ACK when the timeline condition is not satisfied. In Rel-15, when timeline is not satisfied, it is treated as an error case. While for Rel-16, in order to schedule both DL and UL transmission timely, this case should be allowed. Since URLLC PDSCH has high reliability, in most case the DL HARQ-ACK feedback will be ACK, and with tight latency requirement, even if UE feedback ‘NACK’, it may not contribute to the reliability and latency. Hence, URLLC PUSCH should have a higher priority and HARQ-ACK for URLLC PDSCH can be dropped.
· Resource collision between more than two channels with the same or different priorities
[bookmark: _Hlk23943832]Regarding the resource collision between more than two channels, following three cases should be discussed:
· Case 1: collision between all UL channels with low priority. The UL channel can be PUCCH for SR/HARQ-ACK/CSI or PUSCH with/without UL-SCH.
· Case 2: collision between all UL channels with high priority. The UL channel can be PUCCH for SR/HARQ-ACK or PUSCH with/without UL-SCH.
· Case 3: collision between UL channels with different priorities. The UL channel can be PUCCH for SR/HARQ-ACK/CSI or PUSCH with/without UL-SCH.
For case 1, following Rel-15 multiplexing rule is sufficient. For case 2, Rel-15 multiplexing rule can be a baseline, while when timeline is not satisfied, drop the UL channel with lower priority. The priority order is as following: URLLC PUSCH with UL-SCH>URLLC SR> URLLC PUSCH without UL-SCH>URLLC HARQ-ACK. As for case 3, handle UCI multiplexing for channels of the same priority first, and then handle UCI prioritization for channels of different priorities.
Proposal 9:
· For resource collision between two channels both with high priority, reuse Rel-15 multiplexing rule as baseline.
· If the timeline condition is not satisfied for resource collision between URLLC PUSCH and URLLC HARQ-ACK, drop the URLLC HARQ-ACK.
Proposal 10:
· For resource collision between more than two channels,
· In case of collision between all UL channels with low priority, reuse Rel-15 rule.
· In case of collision between all UL channels with high priority, reuse Rel-15 multiplexing rule as baseline.
· If the timeline condition is not satisfied for resource collision between URLLC PUSCH, URLLC SR and URLLC HARQ-ACK, drop the URLLC HARQ-ACK.
· In case of collision between UL channels with different priorities, handle UCI multiplexing for channels of the same priority first, and then handle UCI prioritization for channels of different priorities.

5. Conclusion
In this contribution, we discussed the possible UCI enhancements and intra-UE multiplexing for URLLC. Our proposals are summarized as follows: 
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, 4-symbol should be supported.
· Sub-slot pattern(s) e.g. {4/3/4/3} is/are specified for 4/3-symbol sub-slot PUCCH.  
Proposal 3:
· When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, 
· Separate configuration for K1 should be supported.
· Separate configuration for SchedulingRequestResourceConfig and multi-CSI-PUCCH-ResourceList should not be supported.
· For CG-UCI-OnPUSCH,
· For type1 CG, reuse Rel.15 RRC parameter with newly added values of CG-UCI-OnPUSCH.
· For type2 CG, 
· If DCI format 0_2 and DCI format 0_1 is used for activation, use the same Rel.16 mechanism including the RRC configurations as that for DG.
· If DCI format 0_0 is used for activation, re-use the Rel.15 mechanism including the RRC configurations.
Proposal 4:
· For PHY identification for identifying a HARQ-ACK codebook for different services
· Support to use explicit indication in scheduling DCI for dynamic PDSCH
Proposal 5:
· For HARQ-ACK priority determination for joint SPS PDSCH release, UE does not expect the priority level indicated by RRC in its corresponding multiple SPS configurations is different.
Proposal 6:
· For HARQ-ACK priority determination for retransmission of SPS PDSCH, follows the same way for dynamic scheduled PDSCH, which depends on the scheduled DCI.
Proposal 7:
· The PUSCH priority is known at PHY layer by explicit indication in scheduling DCI for DG PUSCH.
Proposal 8:
· Priority determination for retransmission of CG PUSCH follows the priority indication for DG PUSCH by a PHY indication/signalling.
Proposal 9:
· For resource collision between two channels both with high priority, reuse Rel-15 multiplexing rule as baseline.
· If the timeline condition is not satisfied for resource collision between URLLC PUSCH and URLLC HARQ-ACK, drop the URLLC HARQ-ACK.
Proposal 10:
· For resource collision between more than two channels,
· In case of collision between all UL channels with low priority, reuse Rel-15 rule.
· In case of collision between all UL channels with high priority, reuse Rel-15 multiplexing rule as baseline.
· If the timeline condition is not satisfied for resource collision between URLLC PUSCH, URLLC SR and URLLC HARQ-ACK, drop the URLLC HARQ-ACK.
· In case of collision between UL channels with different priorities, handle UCI multiplexing for channels of the same priority first, and then handle UCI prioritization for channels of different priorities.
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