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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 #98 meeting, some agreements were made regarding UCI enhancements for URLLC [1].
Agreements:
Reuse the R15 mechanism for the following scenarios:
A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)
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
URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met
To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)
Agreements:
In case URLLC (i.e., high priority) HARQ-ACK collides with eMBB (i.e., low priority) SR, down-select from options below (to conclude RAN1#98b):
Option 1: Drop eMBB SR
Option 2: Multiplex URLLC HARQ-ACK and eMBB SR if the multiplexing rule is met. Otherwise, drop eMBB SR. 
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· PUCCH formats
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) SR, down-select from options below.
Option 1: Drop eMBB HARQ-ACK 
Option 2: Multiplex eMBB HARQ-ACK and URLLC SR if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· PUCCH formats, e.g. SR on PF0 collides with HARQ-ACK on PF1/3/4
FFS: Resending HARQ-ACK or not after dropping.
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) HARQ-ACK, down-select from options below.
Option 1: Drop eMBB HARQ-ACK. 
Option 2: Multiplex eMBB HARQ-ACK and URLLC HARQ-ACK if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· Pre-defined rules or configurable rules or dynamically-indicated multiplexing
FFS: Resending HARQ-ACK or not after dropping.
FFS details in case of a channel/signal being dropped in handling of collision of UL channels/signals
High priority vs. low priority HARQ-ACK is made known at the PHY layer (note: for SR, it’s agreed earlier)
Agreements:
At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.
FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.
For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.
FFS whether or not to additionally support that PUCCH resource configuration can be support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slotdifferent for different sub-slots
FFS for other sub-slot configurations, if any.
FFS: If a PUCCH resource across sub-slot boundary is supported.
Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, following can be separately configured for different HARQ-ACK codebooks:
PUCCH-SpatialRelationInfo
Sub-slot configuration (only applied for the sub-slot-based HARQ-ACK codebook)
FFS whether or not to support the case when there are at least two HARQ-ACK codebooks configured with sub-slots, with the same or different sub-slot configurations
Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.
Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,
In case of SPS PDSCH, the following options for identifying a HARQ-ACK codebook (to down-select, combinations are not precluded)
· Opt.1: By SPS PDSCH configurations 
· Opt.2: By the DCI activating the SPS PDSCH 
· Opt.3: By the CORESET where the activating DCI is received
In the last meeting, the following agreements were achieved [2].
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 share our views on remaining issues about UCI enhancements for URLLC.
2. [bookmark: OLE_LINK12]Discussion on enhanced HARQ-ACK feedback
In the previous meetings, sub-slot based HARQ-ACK feedback was agreed. In this section, some remaining issues about enhanced HARQ-ACK feedback are discussed.
2.1. Sub-slot configuration
In RAN1 #98 meeting, it was agreed to support two sub-slot configurations for PUCCH of “2-symbol*7” and “7-symbol*2” and further study other configurable sub-slot configurations. In our opinion, it is desirable to allow maximum 14 PUCCHs carrying HARQ-ACK in a slot. The following reasons are observed.
· For FDD SUL scenario, some uplink slots are shared with LTE system. In this case, HARQ-ACK bits for multiple downlink transmissions need to be fed back in subset of UL slots. As shown in Figure 1, more PUCCH transmission occasions are beneficial for pipeline feedback with latency reduction. 
· In TDD DL heavy case, HARQ-ACK for multiple DL transmissions may be transmitted in one UL slot. The similar advantage can also be observed as SUL scenario. 
· In multi-TRP scenario, it is agreed to support PUCCHs for different TRPs are transmitted in TDM manner [3]. In this case, supporting multiple PUCCHs within a slot provides more transmission occasions. 
[bookmark: _Ref24055676]Proposal 1: 14 sub-slots in a slot should be supported.
[image: ]
[bookmark: _Ref20929392]Figure 1 Example for PUCCH feedback in FDD SUL scenario
If 4 sub-slots in a slot is supported, the sub-slot pattern can be predefined, e.g., the sub-slot partition within a slot can be (4,3,3,4) or (4,3,4,3).
2.2. PUCCH resource configuration within a sub-slot
Per the agreements in previous meetings, it was agreed that for sub-slot configuration, support a single configuration for PUCCH resource following Rel-15 applicable for all the sub-slots in a slot, and any sub-slot PUCCH resource is not across sub-slot boundaries. One leftover issue is whether or not to additionally support that PUCCH resource configuration can be for different sub-slots within a slot. The main motivation to configure different PUCCH resource sets in different sub-slots within a slot is to support the case that the duration of PUCCH resources in the earlier sub-slot is longer than the PUCCH resources configured in the later sub-slot within a slot, which is based on the presupposition that a PUCCH resource can be across sub-slot boundary. However, it is not allowed that PUCCH transmission is across sub-slot boundary, therefore there is no need to configure different PUCCH resource sets in different sub-slots. One more reason to support different PUCCH resource configuration is that the available symbols for UL transmission within a sub-slot may be different in TDD case or some sub-slot configurations, e.g. 4 sub-slots per slot. No optimization is needed from the PUCCH resource configuration perspective. For the TDD case, PUCCH transmission is also subject to the limitations of slot format configuration in NR Rel-15. For the case of 4 sub-slots per slot, the PUCCH resource can be always configured with no more than 3 symbols. Considering that different PUCCH resource configurations in different sub-slots will complicate the PUCCH resource configuration and UE behaviour, it is proposed to support single configuration only.
[bookmark: _Ref24055696]Proposal 2: For sub-slot PUCCH resource configuration, 
No additional support that PUCCH resource configuration can be different for different sub-slots.
2.3. [bookmark: _GoBack]Remaining issues on separate configuration
Per the agreements in previous meetings, it was agreed that when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, all Rel-16 parameters in PUCCH configuration can be separately configured for different HARQ-ACK codebooks except followings:
· schedulingRequestResourceToAddModList 
· multi-CSI-PUCCH-ResourceList
For CSI reports, it was agreed that P/SP-CSI on PUCCH is treated with low priority, there is no need to separately configure the parameter of Multi-CSI-PUCCH-ResourceList in PUCCH configuration and should be only configured under the PUCCH-config with low priority.
For each SR configuration, it was agreed that the PHY-layer SR priority is determined by an explicit indication as a new RRC parameter. Since schedulingRequestResourceToAddModList of multiple SchedulingRequestResourceConfig is configured under PUCCH-config, the issue is that if a UE is configured with two PUCCH-config and SRs with two priorities, then how to configure schedulingRequestResourceToAddModList and PUCCH-config. One reasonable option is that UE is configured with two schedulingRequestResourceToAddModList, where one schedulingRequestResourceToAddModList with SRs with low priority under PUCCH-config with low priority and one schedulingRequestResourceToAddModList with SRs with high priority under PUCCH-config with high priority. For example, the eMBB SR under the PUCCH-config for eMBB while the URLLC SR under the PUCCH-config for URLLC. Then it is clear and straightforward to use the power control parameters configured under the corresponding PUCCH-config for each SR priority.
In the last meeting, it was agreed that when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, at least UCI-OnPUSCH are separately configured for DG PUSCH, where UCI-OnPUSCH is used to configure the offset values for UCI multiplexing on DG PUSCH. For CG PUSCH, 2-level PHY priority of CG PUSCH is also supported, the offset values for UCI multiplexing on CG PUSCH should also be separately configured. That is, CG-UCI-OnPUSCH should be supported configured.
[bookmark: _Ref24055702]Proposal 3: For the remaining parameters in PUCCH configuration, we propose that
schedulingRequestResourceToAddModList can be separately configured under different PUCCH-config
· For multi-CSI-PUCCH-ResourceList, it is only configured under PUCCH-config with low priority
[bookmark: _Ref24055710]Proposal 4: When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, CG-UCI-OnPUSCH is separately configured.
2.4. Semi-static HARQ-ACK codebook
In NR Rel-15, both type-1(semi-static) and type-2 (dynamic) HARQ-ACK codebooks are supported. For semi-static HARQ-ACK codebook, UE reports HARQ-ACK for all potential PDSCH transmissions, which will end up with a large payload size even though some PDSCHs may not be actually scheduled. It is known that semi-static codebook can provide robustness in the case of missed downlink assignment, since a negative acknowledgement is provided to gNB, which can enable retransmit the missed transport block.
However, in URLLC, DL grant missing may not be a problem thanks to the ultra-reliability of PDCCH transmission. On the other hand, the redundant ACK/NACK bits would increase the payload size of UCI and lead to the unnecessary decrease of UCI reliability. Therefore, it seems no sufficient motivation to use semi-static codebook for URLLC. Considering the limited time at this stage, semi-static HARQ-ACK codebook for sub-slot based feedback should be not supported at least in release 16.
[bookmark: _Ref24055716]Proposal 5: For sub-slot based HARQ-ACK feedback, semi-static HARQ-ACK codebook is not supported.
3. Intra-UE collision scenarios for URLLC UCI enhancements
3.1. General consideration
As agreed in the last meeting, 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). And, for handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. Then for the remaining issues about intra UE prioritization, it is suggested as followings.
1) For handling the overlapped UL transmissions among high PHY priority channel/signals, reuse the Rel-15 mechanism.
2) In case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint, where the low priority UL transmission can be fully or partially dropped. Dropping timeline different from NR R15 multiplexing timeline defined in current TS 38.213 9.2.5 is needed to define in that case.
3) When there are more than two channels within an overlapping groups, UE first handles the overlapping within the same priority, and then between different priorities.
3.2. Priority determination
The first issue to specify prioritization is the priority determination of different channels/signals, such as HARQ-ACK, SR, CSI and PUSCH.
· PHY layer identification for a HARQ-ACK codebook 
In RAN1 #96bis meeting, it was agreed that for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying eMBB HARQ-ACK and URLLC HARQ-ACK when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE:
· 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 opt.1, there is no consensus that URLLC traffic can only be scheduled by new DCI format nor new DCI format can be only used for URLLC. If the new DCI format has the same size as DCI 1-1, additional scheme is required to differentiate DCI format, e.g. RNTI or CORESET/search space. Thus, it is suggested to modify opt.1 as “by DCI format size”. 
If the new DCI format and DCI 1_1 have different DCI sizes, potential use cases for URLLC/eMBB scheduling are observed as following:
Case 1: new format is used for URLLC, and fall-back DCI is used for eMBB
Case 2: DCI 1-1 is used for  URLLC and fall-back DCI is used for eMBB
Case 3: new format and fall-back DCI is used for eMBB
Case 4: new format is used for URLLC, DCI 1-1 and fall-back DCI is used for eMBB
Note that even when opt.1 is adopted, URLLC scheduled by DCI 1-1 (e.g., case 2) should be not precluded. In case 4, Opt.1 will potentially increase the DCI size budget. The benefit of opt.1 is that if the new DCI format has different DCI sizes with DCI 1_1, UE can prioritize the URLLC DCI format size processing when both eMBB and URLLC services are configured.
For opt.2, it may increase false alarm probability if RNTI is used to identify HARQ-ACK codebook when the DCI sizes are different.
For opt.3, both DCI format 1_1 and new DCI format can add 1 bit to indicate the HARQ-ACK codebook. 
For opt.4, the number of CORESET/search space that a BWP can be configured is limited for a UE, this option will impact the scheduling flexibility and potentially increase the PDCCH blocking probability. However, different PDCCH processing priorities for eMBB and URLLC is possible if this option is adopted.
If it is needed to prioritize URLLC PDCCH processing, the modified opt.1 and opt.4 can be considered. Otherwise, if no prioritization is needed, at least opt. 3 is suggested. 
[bookmark: _Ref24055721]Proposal 6: For PHY identification for identifying a HARQ-ACK codebook 
· For dynamically-scheduled PDSCH, 
· if it is needed to prioritize URLLC PDCCH processing, modified opt.1(by DCI format size) and opt.4 (by CORESET/search space) can be considered
· otherwise, opt. 3 (explicit indication in DCI) can be used
For SPS PDSCH, it was agreed in the last meeting that an explicit indication (as a new RRC parameter) in each SPS PDSCH configuration providing mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release is supported. One leftover issue is whether/how or not to further indicate the mapping by DL SPS activation (FFS to complement or overwrite) the RRC configured indication. In our view, if it can be indicated by the activation DCI without introducing additional mechanism comparing with dynamically scheduled PDSCH, for example, if the above opt. 1, 3 or opt. 4 adopted, there is no clear reason not to support complementing or overwriting by activation DCI. In addition, it will be more flexible to complement or overwrite RRC configured indication. For example, a UE is configured with multiple DL SPSs and each DL SPS with 10ms periodicity but different slot offsets. If all the DL SPS are activated, it is used to for URLLC service and are mapped to a HARQ-ACK codebook of high priority while it can be used for eMBB service if only one of them is activated and are mapped to a HARQ-ACK codebook of low priority.
[bookmark: _Ref24055727]Proposal 7: For SPS PDSCH, for identifying a HARQ-ACK codebook, same solution as dynamically scheduled PDSCH should be supported to complement or overwrite RRC configured indication.
In addition, further study is needed for PDSCH scheduled by fall-back DCI, since there is no explicit indication in fall-back DCI. One simple way is to treat as low priority for PDSCH scheduled by fall-back DCI.
· PHY identification for a PUSCH
For dynamically scheduled PUSCH, similar as PDSCH identification, the priority of dynamically scheduled PUSCH should be differentiate in PHY layer and can be derived from the scheduling DCI.
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 (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH. One leftover issue is whether/how or not to further have in Type 2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication. In our view, if the same solution as dynamically scheduled PUSCH can be reused, it should be supported to complement or overwrite RRC configured indication.
3.3. Prioritization for intra-UE UL collision
3.3.1. Collision of transmissions of high priority
In general, for the collision between transmissions of high priority, Rel-15 mechanism is reused and no enhancement is needed. 
· Scenario-01: URLLC HARQ-ACK vs. URLLC SR
In RAN1 #98 meeting, it was agreed to reuse the Rel-15 mechanism for the collision of a URLLC SR collides with a URLLC HARQ-ACK. One concern is for the case that URLLC HARQ-ACK using PUCCH format 1 collides with URLLC SR using PUCCH format 0, then URLLC SR is dropped. Typically, URLLC HARQ-ACK with 1 or 2 bits and SR should use the same PUCCH type, i.e. long or short PUCCH format. Thus, no enhancement is needed for this case. The other concern is that SR collides with HARQ-ACK in PUCCH format 2, 3 or 4. According the multiplexing rule defined in Rel-15, when SR is multiplexed with HARQ-ACK in PUCCH format 2,3,4, it is always transmitted even when the maximum code rate after multiplexing is exceed. Considering there are usually a few bit SR, this is a corner case and no optimization is needed.
· Scenario-05: URLLC PUSCH vs. URLLC HARQ-ACK
In RAN1 #98 meeting, it was agreed to reuse Rel-15 mechanism for this case when the corresponding timelines are met and one left issue is for the error cases per Rel-15, especially for the cases when the timeline is not met. In our opinion, both PUSCH and HARQ-ACK are for URLLC, the timeline is not an issue since URLLC processing capability is used to determine the timeline. No enhancement is needed even when the timeline is not met.
[bookmark: _Ref24055733]Proposal 8: For handling the overlapped UL transmissions among high PHY priority channel/signals, reuse the Rel-15 mechanism. 
3.3.2. Collision of channels of different priorities
In the last meeting, it was agreed that 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). One leftover issue is the timeline for dropping. In NR Rel-15, the timeline defined in TS 38.213 9.2.5 is for multiplexing and the earliest symbol of the overlapping channels group is used as the reference point. It is too relaxed for the prioritization for eMBB and URLLC transmission. A timeline for dropping is needed. To define the timeline, the following scenario groups are observed.
· No UL transmission has corresponding DCI
For the collision scenarios, such as URLLC SR and P-CSI, URLLC CG PUSCH and P-CSI, neither the high priority transmission nor the low priority transmission has corresponding DCI. Taking the scenario of URLLC SR and CSI as an example. URLLC SR should be prioritized over CSI if SR is positive. One problem is before UE starts to prepare CSI PUCCH transmission, the state of URLLC SR may be still negative, and then a positive SR for URLLC service is delivered from MAC layer during the long CSI PUCCH transmission. To reduce SR transmission latency, it should be allowed to cancel the remaining CSI PUCCH transmission to transmit URLLC SR from the UE side. Thus it is proposed that for the collision of CSI and URLLC SR, if URLLC SR is positive, URLLC SR should be prioritized over CSI. More specifically,
Before UE starts to prepare CSI PUCCH transmission, 
· If URLLC SR is negative, UE transmits CSI; if URLLC SR is positive, UE drops CSI and transmits SR.
During UE transmitting CSI PUCCH, if URLLC SR is positive,
· It should be allowed to cancel the remaining CSI PUCCH and transmit positive SR.
Since neither CSI nor SR has corresponding DCI, it is hard to define the dropping timeline. From the UE side, it can be up to UE implementation and from the gNB side, it should receive CSI or SR with different hypothesis.
· At least the high priority transmission has corresponding DCI
For the scenarios, such as URLLC HARQ-ACK and CSI, URLLC PUSCH and CSI, URLLC HARQ-ACK and eMBB HARQ-ACK, URLLC HARQ-ACK and eMBB PUSCH, etc, either the high transmission l or both of them have corresponding DCI. Taking the collision between URLLC HARQ-ACK and CSI as an example. URLLC HARQ-ACK is prioritized and CSI is dropped. One issue is that DCI scheduling URLLC HARQ-ACK may be received before or during a long CSI PUCCH transmission. Therefore, partial/full dropping of low priority channel transmission should be supported. 
In NR Rel-15, if UL transmissions are configured in semi-static flexible symbols or there is no semi-static TDD configuration, if the UE is configured to monitor DCI 2_0 but the UE does not detect the DCI 2_0 or the DCI 2_0 indicates the symbols used for configured UL as downlink/flexible, the configured UL transmissions are cancelled under a cancelation timeline restriction, shown as Figure 2. Similar as that, when low priority channel is cancelled by high priority channel, the dropping timeline can be defined from the ending symbol of the CORESET containing the DCI scheduling a high priority transmission to the starting of the overlapping part, shown as Figure 3. 
For the processing time requirement of dropping, Tproc,2 based on UE CAP#2 can be considered as a starting point. Note that in the section of enhanced inter UE Tx prioritization/multiplexing, it was agreed that the UE processing time requirement for UL cancelation indication is based on N2 defined in Rel-15 UE cap#2. Considering the similarity between inter UE prioritization and intra UE prioritization, same processing time requirement can be used.
Herein, it can be summarized that for the prioritization of high and low priority transmissions, a UE processing time requirement for dropping the low priority transmission is Tproc,2 based on UE CAP#2, so that UE is expected the gap between the ending symbol of the CORESET containing the DCI scheduling a high priority transmission to the starting of the overlapping part is not less than Tproc,2. Regarding the details of dropping behaviours, similar as SFI cancellation, UE is expected to cancel the transmission of low priority transmission from the symbol after Tproc,2 of the ending symbol of the CORESET containing the DCI scheduling a high priority transmission.
	Agreements: (In RAN1#98)
· The UE processing time requirement for UL cancelation indication based on N2 defined in Rel-15 UE cap#2 is supported
· FFS whether the processing time requirement for UL cancelation indication larger than N2 as defined in Rel-15 UE cap#2 can also be supported as an UE capability
· FFS whether the processing time requirement for UL cancelation indication shorter than N2 as defined in Rel-15 UE cap#2 as can also be supported an UE capability 
Agreements: (In RAN1#98bis)
· Different UE processing time capability for UL CI (i.e. shorter or longer than T_proc2 for cap#2 UE) is not considered in Rel-16
· d2,1=0 also when DMRS and UL-SCH (for the PUSCH to be cancelled) are multiplexed in the 1st symbol
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[bookmark: _Ref24121753]Figure 2 Example of timeline of SFI cancellation
[image: ]
[bookmark: _Ref23880171]Figure 3 Examples of timeline of intra UE prioritization
· Only the low priority transmission has corresponding DCI
For the scenarios, such as URLLC CG PUSCH and eMBB DG PUSCH, URLLC SR and eMBB HARQ-ACK, etc, only the low priority transmission has corresponding DCI. Taking the collision between URLLC SR and eMBB PUSCH as an example. URLLC SR is prioritized and eMBB PUSCH is dropped. As shown in Figure 4, upon decoding the DCI of eMBB PUSCH, 
Case 1: URLLC SR is already positive, and UE is aware of the collision between URLLC SR and eMBB PUSCH, then UE won’t start the preparation of eMBB PUSCH transmission. There is no timeline restriction in this case and full eMBB PUSCH transmission is cancelled.
Case 2: URLLC SR is still negative, and UE starts the preparation of eMBB PUSCH transmission, during the preparation or transmission of eMBB PUSCH transmission, URLLC SR becomes positive. UE will cancel the transmission of eMBB PUSCH transmission if UE has enough time to cancel the low priority channel at least from starting of the overlapping part. In this case, the timeline and dropping behaviour can be up to UE implementation.
[image: ]
[bookmark: _Ref24121839]Figure 4 Examples of prioritization between URLLC SR and eMBB PUSCH
[bookmark: _Ref24055739]Based on the above analysis, it is proposed as following.
Proposal 9: For the collision of channels of different service types, the low priority channel is fully or partially dropped when the dropping timeline is satisfied.
When at least the high priority transmission has corresponding DCI
· The dropping timeline is defined from the ending symbol of the CORESET containing the DCI scheduling a high priority transmission to the starting of the overlapping part
· The value of the dropping timeline is defined as Tproc,2 based on UE CAP#2
· d2,1=0 for all cases
· UE is expected to cancel the transmission of low priority transmission from the symbol after Tproc,2 of the ending symbol of the CORESET containing the DCI scheduling the high priority transmission
Otherwise, no timeline needs to be satisfied
· It is up to UE to fully or partially drop the low priority transmission
4. Conclusion
In this contribution, we discuss the enhancements to UCI, and the following proposals are made.
Proposal 1: 14 sub-slots in a slot should be supported.
Proposal 2: For sub-slot PUCCH resource configuration,
No additional support that PUCCH resource configuration can be different for different sub-slots.
Proposal 3: For the remaining parameters in PUCCH configuration, we propose that
schedulingRequestResourceToAddModList can be separately configured under different PUCCH-config
· For multi-CSI-PUCCH-ResourceList, it is only configured under PUCCH-config with low priority
Proposal 4: When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, CG-UCI-OnPUSCH is separately configured.
Proposal 5: For sub-slot based HARQ-ACK feedback, semi-static HARQ-ACK codebook is not supported.
Proposal 6: For PHY identification for identifying a HARQ-ACK codebook
· For dynamically-scheduled PDSCH, 
· if it is needed to prioritize URLLC PDCCH processing, modified opt.1(by DCI format size) and opt.4 (by CORESET/search space) can be considered
· otherwise, opt. 3 (explicit indication in DCI) can be used
Proposal 7: For SPS PDSCH, for identifying a HARQ-ACK codebook, same solution as dynamically scheduled PDSCH should be supported to complement or overwrite RRC configured indication.
Proposal 8: For handling the overlapped UL transmissions among high PHY priority channel/signals, reuse the Rel-15 mechanism. 
Proposal 9: For the collision of channels of different service types, the low priority channel is fully or partially dropped when the dropping timeline is satisfied.
When at least the high priority transmission has corresponding DCI
· The dropping timeline is defined from the ending symbol of the CORESET containing the DCI scheduling a high priority transmission to the starting of the overlapping part
· The value of the dropping timeline is defined as Tproc,2 based on UE CAP#2
· d2,1=0 for all cases
· UE is expected to cancel the transmission of low priority transmission from the symbol after Tproc,2 of the ending symbol of the CORESET containing the DCI scheduling the high priority transmission
Otherwise, no timeline needs to be satisfied
· It is up to UE to fully or partially drop the low priority transmission
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