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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In the last 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 proriorty 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 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 the last 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 [2]. In this case, supporting multiple PUCCHs within a slot provides more transmission occasions. 
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 for sub-slot based HARQ-ACK
2.2.1. PUCCH configuration for sub-slots within a slot 
In the last meeting, 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. One open issue is whether it is allowed that a PUCCH resource can be across sub-slot boundary. In our view, PUCCH resource configuration should be confined within a sub-slot. The reasons include following:
For a URRLC UE, the UL coverage in different sub-slots should be similar. Thus the PUCCH durations in different sub-slots should be same
If the coverage of sub-slot PUCCH cannot be guaranteed in some cases, e.g.  UE moves to the cell edge or the channel state becomes poor suddenly, legacy slot based PUCCH can be used for coverage. For example, gNB can configure two sets of PUCCH resource one with Rel-15 slot level configuration another with Rel-16 sub-slot level configuration and then gNB can indicate the UE for a given PUCCH transmission which PUCCH resource configuration to apply, for example, slot level PUCCH transmission can be indicated implicitly by fall-back DCI, or explicitly by DCI field. 
It can simply reuse the NR Rel-15 PUCCH resource set configuration mechanism but in the unit of sub-slot.
One significant benefit of this way is that it can simplify the specification and UE behaviours for HARQ-ACK feedback. 
One problem of PUCCH across sub-slot boundary is that UE has to determine whether the PUCCH resource(s) for HARQ-ACK transmission will be overlapped by the later PUCCH transmission(s) within the subsequent sub-slot(s), which may delay the transmission of PUCCH and complex UE behaviour. Or the scheduling will be restricted that gNB cannot schedule another PUCCH for HARQ-ACK in the later sub-slot(s) if the PUCCH for HARQ-ACK in the previous sub-slot cross sub-slot boundary.
A second 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 assumption that a PUCCH resource can be across sub-slot boundary. However, as discussed before, there is no need to allow PUCCH transmission to cross sub-slot boundary therefore 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.
For sub-slot PUCCH resource configuration, support a single configuration for PUCCH resource following Rel-15 applicable for all the sub-slots in a slot.
PUCCH resources are confined within a sub-slot
No additional support that PUCCH resource configuration can be different for different sub-slots.
2.2.2. Remaining issues on separate PUCCH configuration
In the last two 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 FFS for following:
SchedulingRequestResourceConfig
· Multi-CSI-PUCCH-ResourceList
The motivation to support separate configuration for the parameters in PUCCH configuration related to HARQ-ACK feedback is the different requirements in terms of reliability and latency for different service types. For CSI reports, as there is no URLLC-specific CSI introduced in Rel-16, there is no need to separately configure the parameter of Multi-CSI-PUCCH-ResourceList in PUCCH configuration and can be only configured under the PUCCH-config for eMBB.
For SchedulingRequestResourceConfig, it is beneficial to support separate configuration. The parameter of PUCCH-PowerControl and PUCCH-SpatialRelationInfo were agreed to support separate configuration for different HARQ-ACK codebooks, it means that different transmission power and spatial relation information can be used to satisfy different reliability requirements of different service types. To allow different power control parameters for scheduling request with different priorities, it can be configured the eMBB SR under the PUCCH-config for eMBB while the URLLC SR under the PUCCH-config for URLLC. In addition, when SchedulingRequestResourceConfig is separately configured for different service types, it can be used to identify SR priority in PHY layer.
For the remaining parameters in PUCCH configuration, we propose that
· SchedulingRequestResourceConfig can be separately configured for different HARQ-ACK codebooks
· For Multi-CSI-PUCCH-ResourceList, there is no need to be separately configured
For PUCCH configuration, one leftover issue is whether or not to support that when there are at least two HARQ-ACK codebooks configured with sub-slots, with the same or different sub-slot configurations. The slot based PUCCH resource sets configuration in NR Rel-15 is configured by PUCCH-config IE and assuming that sub-slot PUCCH resource sets configuration is configured by PUCCH-config-r16 IE, then, it depends on how many PUCCH-config-r16 IE a UE can be configured from specification point of view. If a UE can be only configured with one additional PUCCH-config-r16, it means the HARQ-ACK codebook with low priority should use Rel-15 PUCCH configuration. If a UE can be configured with two PUCCH-config-r16 by specification, there is no need to have such limit as it is up to network implementation to configure one PUCCH-config-r16 with slot level PUCCH another with sub-slot level PUCCH or both with sub-slot level PUCCH. As per agreement achieved in RAN1 #95 meeting [3], multiple PUCCHs for HARQ-ACK within a slot should be supported in R16. Note that this feature is a generic enhancement for Rel-16 not limited to URLLC only UEs. Benefits using sub-slot level HARQ-ACK feedback procedure for eMBB service type at least include as following:
Easier for intra-UE prioritization/multiplexing. When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, if the time granularity for different service types is same, it will be easier to handle the collision scenarios between different service types, e.g, reuse Rel-15 pseudo code in the configured time granularity.
Latency reduction for eMBB service. Obviously, sub-slot level HARQ-ACK feedback can reduce the latency of HARQ and improve system throughput.
Thus, for a UE supporting both eMBB and URLLC services, network should be allowed to configure the both PUCCH-config-r16 with sub-slot level PUCCH. It can be up to the network implementation to configure the same or different sub-slot configurations.
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, it is up to network to configure the HARQ-ACK granularity (i.e. slot or sub-slot level) independently for each PUCCH-config.  
2.3. 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. Dynamic HARQ-ACK codebook should take precedence over semi-static HARQ-ACK codebook.
For eURLLC UCI design, dynamic HARQ-ACK codebook is prioritized over semi-static HARQ-ACK codebook.
2.4. CBG configuration for Rel-16 URLLC
Regarding CBG configuration for Rel-16 URLLC, some related agreements were achieved in the discussion of PDCCH enhancements during the meeting of RAN1 #96bis [4]. Note that there is no CBG transmission information in the new DL or UL DCI format and can be configured to be absent in case reusing the existing format scheduling Rel-16 URLLC. In this sense, if Rel-16 URLLC is scheduled by new DCI format, CBG configuration is not supported. If URLLC is scheduled by the existing DCI format, CBG configuration can be supported. However, CBG-level HARQ and retransmission is typically used when the TB size is large and the transmission duration is long, e.g. slot level transmission. For URLLC transmission in sub-slot level, the packet size usually is small. Thus, at least for Rel-16 URLLC with sub-slot based HARQ-ACK procedure, there is no need to support CBG configuration. 
	Agreements:
The following fields from Rel-15 DCI format 1_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the DL DCI format scheduling Rel-16 URLLC. 
Modulation and coding scheme for TB 2
New data indicator for TB 2
Redundancy version for TB 2
CBG transmission information 
CBG flushing information 
Agreements:
The following field from Rel-15 DCI format 0_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the UL DCI format scheduling Rel-16 URLLC: 
CBG transmission information 



For Rel-16 URLLC with sub-slot based HARQ-ACK procedure, there is no need to support CBG configuration.
2.5. Counter/total DAI
Separate counter and total DAI for URLLC and eMBB should be considered. Different reliabilities for URLLC and eMBB services are expected, which results in different miss-detection probabilities of PDCCH. For URLLC, the counter/total DAI field can be eliminated if sufficient reliability is expected.
Therefore, two alternatives for DAI design can be considered for URLLC,
· Alt1: separate counter/total DAI for different service types based on ,e.g., PHY differential (if specified)
· Alt 2: no counter/total DAI for URLLC DCI. Assuming URLLC service identification is based on new DCI format/RNTI/PHY differentiation (if specified)
The following DAI mechanism for URLLC service can be considered,
·  Alt1: separate counter/total DAI for different service types based on ,e.g., PHY differentiation (if specified)
· Alt 2: no counter/total DAI for URLLC DCI and URLLC service identification based on new DCI format/RNTI/PHY differentiation (if specified)
3. Intra-UE collision scenarios for URLLC UCI enhancements
3.1. General consideration
In the RAN plenary #85 meeting, the WID of IIOT was revised. L1 multiplexing of services of different priority is out of scope, prioritization behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities is needed to be specified [5].
	The detailed objectives for NR intra-UE prioritization/multiplexing are:
Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].
Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].
Address UL data/control and control/control resource collision by (L1 multiplexing of services of different priority is out of scope):
specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
specifying prioritization behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].



Regarding handling the intra-UE UL collision related to UCI enhancements for URLLC, there are some high-level principles shall be taken into account.
1) Determination of the priority of UCI/PUSCH should be supported in RAN1, i.e. PHY identification for identifying the UCI or PUSCH. 
2) Timely and accurate CSI measurement reporting is challenging for URLLC. The benefit of defining URLLC-specific or eMBB-specific CSI report is not clear. For CSI report, it can be treated as eMBB UCI.
3) For the collision scenarios of UCI/PUSCH with respect to the same service type, Rel-15 rule is reused.
4) When handling of eMBB transmission and URLLC transmission, URLLC transmission is prioritized and eMBB transmission is dropped/cancelled. Dropping/cancellation timeline may be needed to define in that case.
5) When there are more than two channels within an overlapping groups, UE first handles the overlapping within the same service type, and then between different service types.

According to these, it is proposed that,
Handling of intra-UE collision scenarios for URLLC UCI enhancements are summarized as Table 1.
[bookmark: _Ref16621996]Table 1 handling of intra-UE collision scenarios for URLLC UCI enhancements
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Rel-15 mechanism is reused
	
	
	

	CSI
	If URLLC SR is positive, UE drops/cancels CSI and transmits SR.

	URLLC HARQ-ACK is transmitted and CSI is cancelled or punctured by URLLC HARQ-ACK.

	
	

	URLLC PUSCH
	Rel-15 mechanism is reused
	Rel-15 mechanism is reused. 
	Drop CSI and transmit URLLC PUSCH
	

	eMBB SR
	To be discussed by RAN2 if necessary.
	Drop eMBB SR
	Rel-15 mechanism is reused
	Drop eMBB SR and URLLC PUSCH is transmitted.


	eMBB HARQ-ACK
	Drop eMBB HARQ-ACK and transmit URLLC SR if URLLC SR is positive
	 Drop eMBB HARQ-ACK
	For CSI on PUCCH, Rel-15 mechanism can be reused.
	

	eMBB PUSCH
	When URLLC SR is positive, URLLC SR is transmitted and the total or partial eMBB PUSCH is dropped. Otherwise, eMBB PUSCH is transmitted.  
	drop eMBB PUSCH


	Rel-15 mechanism is reused
	This scenario is discussed on another agenda.   



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, in the last meeting, it was agreed to introduce a new DCI format for DL scheduling with a configurable DCI size. There is no consensus that URLLC traffic can only be scheduled by new DCI format or new DCI format can be only used for URLLC. If the new DCI 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 this option is that if the new DCI format has different DCI size with a 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. 
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, three options were listed in the last meeting.
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
It is suggested to be discussed after the dynamically scheduled PDSCH. In general, same solution as dynamically scheduled PDSCH is preferred, i.e., it can be identified by activation PDCCH as that of dynamically-scheduled PDSCH.
For SPS PDSCH, for identifying a HARQ-ACK codebook, same solution as dynamically scheduled PDSCH is preferred.
In addition, further study is needed for PDSCH scheduled by fall-back DCI and SPS PDSCH release, 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 and SPS PDSCH release.
· PHY identification for a SR
According the agreements we made regarding PUCCH resource configuration for different HARQ-ACK codebooks, one simple RRC signalling is likely to use different IEs of PUCCH-config separately for eMBB and URLLC. One way to determine SR priority in PHY is the associated PUCCH-config, e.g., SRs in schedulingRequestResourceToAddModList configured under PUCCH-config for eMBB is low priority and SRs in schedulingRequestResourceToAddModList configured under PUCCH-config for URLLC is high priority. The benefit of this way is that it would be very straightforward and clear to use different pucch-PowerControl and spatialRelationInfo for URLLC SR and eMBB SR
It is proposed to implicitly derive SR priority based on the associated PUCCH-config
· For each PUCCH-config of URLLC and eMBB, it is configured with one schedulingRequestResourceToAddModList.
· PHY identification for a CSI report
For CSI report, there is no need to support different priorities and all CSI reports are treated as low priority.
· 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 type 1 configured grant PUSCH, the priority is RRC configured. For type 2 configured grant PUSCH, it can be determined by activation DCI as that of DG PSUCH or RRC configuration.
3.3. Prioritization for intra-UE UL collision
3.3.1. Collision of channels of the same service type
In general, for the collision between the same service types, Rel-15 mechanism is reused and no enhancement is needed. 
· Scenario-01: URLLC HARQ-ACK vs. URLLC SR
In the last 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 that 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 PF 2, 3, 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-04: URLLC PUSCH vs. URLLC SR
This scenario is related to RAN1 and RAN2. This scenario should be treated in RAN1 with a low priority. Since they are for the same service type, no optimization is needed and Rel.15 mechanism is reused, i.e. drop SR when it collides with PUSCH with UL-SCH.
· Scenario-05: URLLC PUSCH vs. URLLC HARQ-ACK
In the last 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.
For the collision of channels of the same service type, Rel-15 mechanism is reused with no optimization.
3.3.2. Collision of channels of different service types
According the latest WID of IIoT after #85 RAN planetary meeting, multiplexing is not in the scope, then URLLC transmission should be prioritized and eMBB transmission is dropped/cancelled. Dropping/cancellation timeline may be needed to define in that case. The following two scenario groups are observed.
· No channel has corresponding DCI
For the collision scenarios, such as URLLC SR and CSI, URLLC CG PUSCH and CSI, neither the high priority channel nor the low priority channel 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 or puncture CSI PUCCH 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.
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 transmission or puncture CSI PUCCH and transmit positive SR.
Since neither CSI nor SR has corresponding DCI, it is hard to define the dropping/cancellation 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 one channel has corresponding DCI
[bookmark: _GoBack]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 low or high channel 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/cancelled. One issue is that DCI scheduling URLLC HARQ-ACK may be received before or during a long CSI PUCCH transmission. Therefore, partial/full cancellation of low priority channel transmission should be supported. In NR Rel-15, SFI can cancel configured UL transmission under the cancelation timeline restriction. Similar as that, when low priority channel is cancelled by high priority channel, a cancellation timeline is needed.


Figure 2 collision between CSI and URLL HARQ-ACK
For the collision of channels of different service types, the low priority channel is dropped/cancelled when the dropping/cancellation timeline is satisfied.
FFS  the dropping/cancellation timeline
4. Conclusion
In this contribution, we discuss the enhancements to UCI, and the following proposals are made.
1. 14 sub-slots in a slot should be supported.
For sub-slot PUCCH resource configuration, support a single configuration for PUCCH resource following Rel-15 applicable for all the sub-slots in a slot.
PUCCH resources are confined within a sub-slot
No additional support that PUCCH resource configuration can be different for different sub-slots.
For the remaining parameters in PUCCH configuration, we propose that
· SchedulingRequestResourceConfig can be separately configured for different HARQ-ACK codebooks
· For Multi-CSI-PUCCH-ResourceList, there is no need to be separately configured
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, it is up to network to configure the HARQ-ACK granularity (i.e. slot or sub-slot level) independently for each PUCCH-config.  
For eURLLC UCI design, dynamic HARQ-ACK codebook is prioritized over semi-static HARQ-ACK codebook.
For Rel-16 URLLC with sub-slot based HARQ-ACK procedure, there is no need to support CBG configuration.
The following DAI mechanism for URLLC service can be considered,
·  Alt1: separate counter/total DAI for different service types based on ,e.g., PHY differentiation (if specified)
· Alt 2: no counter/total DAI for URLLC DCI and URLLC service identification based on new DCI format/RNTI/PHY differentiation (if specified)
Handling of intra-UE collision scenarios for URLLC UCI enhancements are summarized as Table 1.
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, for identifying a HARQ-ACK codebook, same solution as dynamically scheduled PDSCH is preferred.
It is proposed to implicitly derive SR priority based on the associated PUCCH-config
· For each PUCCH-config of URLLC and eMBB, it is configured with one schedulingRequestResourceToAddModList.
For the collision of channels of the same service type, Rel-15 mechanism is reused with no optimization.
For the collision of channels of different service types, the low priority channel is dropped/cancelled when the dropping/cancellation timeline is satisfied.
FFS  the dropping/cancellation timeline
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