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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#98, we agreed the following:
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 different 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 RAN#85, the NR-iIoT WI regarding UCI is revised [1] as follows:

· 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 and/or multiplexing 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].


This contribution provides further considerations on UCI enhancements for eURLLC.  
2. Discussions
2.1 Sub-slot Based PUCCH
2.1.1 Non-uniform Sub-slot Sizes
In RAN1#98 we agreed on two PUCCH sub-slot size configurations, i.e. “2-symbols×7” and “7-symbols×2”, both of which are uniformly sized sub-slots.  In LTE’s sTTI, non-uniform sub-slot sizes e.g. {3, 2, 2, 2, 2, 3} are supported which offer scheduling flexibility.  Hence, we see the benefit also offering such flexibility for NR eURLLC.
Proposal 1: Support non-uniform sized sub-slots for PUCCH.

Non-uniform sub-slot sizes can be used to support different PUCCH durations, e.g. long duration for coverage purposes and short durations for latency purposes.  Therefore we should support a mixture of long and short sub-slot sizes such as {7, 4, 3} and {3, 4, 7}.
Proposal 2: Support the following sub-slot sizes arrangement for PUCCH: {7, 4, 3} and {3, 4, 7}.

2.1.2 PUCCH Crossing Sub-slot Boundary
In Rel-15, a PUCCH is contained within a slot.  However, there are proposals for sub-slot based PUCCH to cross the sub-slot boundary.  The argument for this is that it provides capacity and coverage for PUCCH scheduled in small sub-slots, e.g. 2 symbols sub-slot.  A PUCCH crossing a sub-slot boundary can collide with another PUCCH in the subsequent sub-slot, the management of which would add additional complexity. An example is shown in Figure 1 where DCI#1 & DCI#3 schedules PUCCH#1 to start in sub-slot m+8 and DCI#2 and DCI#4 schedules PUCCH#2 to start in sub-slot m+9.  PUCCH#1 crosses into sub-slot m+9 thereby colliding with PUCCH#2.
[image: ]

[bookmark: _Ref21006685]Figure 1: Cross sub-slot PUCCH#1 colliding with PUCCH#2

Some proposed methods to avoid sub-slot based PUCCH collisions:
· If PUCCH#1 e.g. in sub-slot m+8 crosses into sub-slot m+9, then any PUCCH in sub-slot m+9 is dropped [2], i.e. in the example in Figure 1, PUCCH#2 will be dropped.
· If PUCCH#1 in sub-slot m+8 crosses into sub-slot m+9, the gNB will avoid scheduling any PUCCH in sub-slot m+9 [3], [4], i.e. in the example in Figure 1, PUCCH#2 will not be scheduled to start in sub-slot m+9.  Here it assumes the gNB can avoid any collision.
Sub-slot PUCCH is introduced specifically for URLLC transmission and hence dropping any PUCCH in the subsequent sub-slot due to PUCCH crossing sub-slot boundary as proposed by [2] would not meet the latency and reliability requirements of the URLLC.
Observation 1: Dropping a sub-slot PUCCH due to collision with another PUCCH starting in the previous sub-slot crossing the sub-slot boundary will increase latency and reduces reliability.

The proposal that the gNB can avoid sub-slot PUCCH collision assumes that the PUCCH crossing a sub-slot boundary is scheduled before any PUCCH is scheduled in the subsequent sub-slot.  For example in Figure 1, PUCCH#1 is scheduled by DCI#1 before PUCCH#2 is scheduled by DCI#2, hence the gNB can avoid scheduling PUCCH#2 in sub-slot m+9 since it already knew that it would lead to a collision.  However, if PUCCH#2 is scheduled before PUCCH#1 under an Out-of-Order HARQ-ACK scheduling, as shown in Figure 2, then it is difficult for the gNB to avoid collision between PUCCH#1 and PUCCH#2.  However, if it is argued that the gNB can avoid the collision by NOT scheduling PUCCH#1 to cross a sub-slot boundary, then there really is no need for any PUCCH to cross a sub-slot boundary since PUCCH#1 can operate without the need to cross a sub-slot boundary.
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[bookmark: _Ref21007318]Figure 2: PUCCH#2 is scheduled BEFORE PUCCH#1

[bookmark: _Hlk21018818]Observation 2: If a 1st PUCCH in sub-slot n is scheduled AFTER a 2nd PUCCH in sub-slot n+1, then gNB cannot avoid a collision between the 1st PUCCH and the 2nd PUCCH if the 1st PUCCH needs to cross the sub-slot boundary (i.e. occupying sub-slot n and sub-slot n+1)
Observation 3: If a 1st PUCCH in sub-slot n is scheduled AFTER a 2nd PUCCH in sub-slot n+1, and the gNB can avoid a collision between the 1st PUCCH and the 2nd PUCCH by refraining from scheduling the 1st PUCCH to cross the sub-slot boundary, then there is no motivation for allowing any (sub-slot based) PUCCH to cross the sub-slot boundary.

It is also argued that a long PUCCH duration that crosses a sub-slot boundary has higher capacity.  However, we do not expect a sub-slot based PUCCH to carry as many HARQ-ACK feedbacks as that of a slot based PUCCH since the sub-slot based PUCCH is introduced so that URLLC PDSCH can provide fast HARQ-ACK feedback, i.e. the PUCCH multiplexing window cannot be too long.  Hence, sub-slot based PUCCH is not expected to have high capacity.
Observation 4: Sub-slot based PUCCH is not intended to be high capacity or to carry a large number of HARQ-ACK feedbacks as it is meant for a short PUCCH multiplexing window so that the HARQ-ACK for URLLC PDSCH can be fed back quickly.

If a mix of different PUCCH durations is required then a non-uniform sub-slot sized can be configured.  For example, a sub-slot size configuration of {3, 4, 7} symbols can be used such that the gNB can schedule long PUCCH duration using the 7-symbol sub-slot and if it wants a quick feedback it can use the shorter 3-symbol sub-slot.
Observation 5: If a mixture of different PUCCH duration is required, a non-uniform sub-slot sized PUCCH configuration can be used, e.g. {3, 4, 7} such that long PUCCH duration can use a 7-symbol sub-slot and a short PUCCH duration can use a 3-symbol sub-slot, thereby avoiding the need for any PUCCH to cross a sub-slot boundary.

Based on these observations, we do not see the point of allowing PUCCH to cross a sub-slot boundary since this would lead to PUCCH collision and the need to introduce multiplexing schemes, which is not considered in Rel-16.  Such a feature can be introduced in a later release.
Proposal 3: Sub-slot based PUCCH transmission is not allowed to cross a sub-slot boundary in Rel-16.

2.2 Priority Identification
2.2.1 HARQ-ACK Codebook
For multiple simultaneous HARQ-ACK codebook construction, for each PDSCH, a physical layer indicator is required to indicate which HARQ-ACK codebook or PUCCH to use for its corresponding HARQ-ACK.  In RAN1#96bis, we have the following options:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook

Option 3 requires additional bits in the DCI.  For a UE that supports eMBB and URLLC, we expect the DL grant for each service to have a different monitoring periodicity, but not necessarily different CORESET or search space.  However, Option 4 requires that a separate CORESET or search space for eMBB and URLLC is assigned, which imposes some slight restriction on the PDCCH resource configuration.  We expect that Rel-16 eURLLC is likely to use a different DCI format since eURLLC may have different fields as discussed for PDCCH enhancement or at least the “PDSCH-to-HARQ_feedback timing indicator” needs to be different (i.e. granularity of sub-slot) and so Option 1 is a potential method.  Option 2 does not increase the DCI size and a separate RNTI is already used to differentiate the use of different MCS tables in Rel-15 and hence can be extended for use in Rel-16 for sub-slot PUCCH.  Hence, we prefer either Option 1 or Option 2.
Proposal 4: When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, use DCI format or different RNTI to identify the HARQ-ACK codebook associated to the service type.

2.2.2 SR Priority
In RAN1#97, a working assumption suggests that the priority of the SR needs to be known to the physical layer.  Since the physical layer is aware of the SR ID, as it is used in multiplexing SR with HARQ-ACK carried by PF2, PF3 & PF4, the SR ID can therefore provide indication of the priority.  For example a higher priority SR can use a lower numbered ID.  The network would then configure the priority of Logical Channels to match the appropriate SR ID.
Observation 6: The SR ID is known at the physical layer of the UE.
Proposal 5: In the physical layer, the priority of the SR is based on the SR ID, i.e. the lower the ID number of the SR is, the higher its priority.

2.2.3 PUSCH Priority
The Logical Channel Prioritisation is an internal process at the UE that determines which LCID can be multiplexed into a PUSCH.  There are already restrictions available in Rel-15 to restrict which LCID the UE can multiplex into a scheduled PUSCH.  Hence, we do not see any need for an explicit indicator to further restrict the UE’s LCP process.  To identify the PUSCH priority, the MAC layer can indicate the PUSCH priority to the physical layer since the MAC layer knew which LCIDs are in the PUSCH.
Proposal 6: The priority of the PUSCH at Layer 1 is indicated by the MAC layer.

In RAN2#107 the following is agreed:
Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations

RAN2 agreement for Configured Grant can be implemented by using the RRC to configure the mapping between LCID and the PUSCH Configured Grant Index.  This will be known to both the UE and the gNB
Proposal 7: RRC configures the LCIDs that can be multiplexed into a PUSCH that is transmitted using specific Configured Grant Index.

2.3 UCI Collisions
2.3.1 URLLC SR vs URLLC HARQ-ACK
For collision between URLLC SR and URLLC HARQ-ACK it is agreed that the Rel-15 mechanism is used except for the following two cases:
· Case 1: SR with PF0 vs HARQ-ACK with PF1
· Case 2: SR with HARQ-ACK with PF 2, 3, 4

For Case 1, in Rel-15, the SR is dropped which is not acceptable for URLLC as this leads to higher latency.  A simple solution is that if SR is positive then multiplex the HARQ-ACK and the SR into the PUCCH with PF0.  This is applicable also for the case if the SR is for eMBB since this does not affect the reliability of PF0.
Proposal 8: When a positive URLLC SR with PF0 collides with URLLC HARQ-ACK with PF1, the HARQ-ACK & SR are multiplexed and transmitted using the PUCCH with PF1.

For Case 2, the Rel-15 procedure will determine the number of SR bits OSR and number of HARQ-ACK bits OACK and then calculate the number of PRBs required for the PUCCH to carry OSR+OACK bits such that it is below a maximum code rate.  However, if the maximum number of PRBs is used, the PUCCH is transmitted even if it exceeds the maximum code rate.  One way to overcome this is, if the maximum code rate is exceeded and if all the HARQ-ACK are positive ACKs then the UE transmit only the SR.  The SR would then represent the bundled HARQ-ACK bits.  If one of the HARQ-ACK is negative (NACK), then the UE transmits only the HARQ-ACK PUCCH.  Since the gNB knows that there is a collision, it can assume that the SR is positive and schedules an UL Grant for that SR.
Proposal 9: For the case when a positive URLLC SR collides with URLLC HARQ-ACK with PF 2, 3 or 4 and if the maximum code rate is exceeded for carrying SR and HARQ-ACK bits when the maximum number of PRBs are used then:
· If all the HARQ-ACK are positive (ACK) then transmit only the SR
· If one or more of the HARQ-ACK is negative (NACK) then transmit only the HARQ-ACKs.  The gNB being aware of such collision will provide an UL Grant assuming the SR is positive

2.3.2 URLLC PUSCH vs URLLC HARQ-ACK
In Rel-15, a UE is not expected to detect a DL Grant with a corresponding PUCCH in a slot after it has already received an UL Grant scheduling a PUSCH that collides with the PUCCH [4].  For example in Figure 3, DCI#1 and DCI#3 schedule PDSCH#1 and PDSCH#2 where their HARQ-ACKs are transmitted in a PUCCH in slot n+4.  Here, DCI#2 that comes before DCI#3 schedules a PUSCH in n+4 thereby colliding with the PUCCH.  Such a scenario is not expected in Rel-15 but this can be used in Rel-16 for an urgent PDSCH URLLC, e.g. the PDSCH#2.
[image: ]
[bookmark: _Ref21023663]Figure 3: UE receiving a DL Grant with HARQ-ACK that collides with a previously scheduled PUSCH

Observation 7: For Rel-16 eURLLC, a DL Grant for a URLLC PDSCH with a PUCCH in slot k can be transmitted after an UL Grant with a URLLC PUSCH in slot k, where the PUCCH & PUSCH collide.

Typically the HARQ-ACK of a PUCCH that collides with a PUSCH are multiplexed into the PUSCH but this may be difficult if the PUSCH has already been generated (or is being generated) before the outcome of the later PDSCH is known.
Observation 8: The HARQ-ACK of a PDSCH that arrives after a PUSCH has been or is in the process of being generated may not be multiplexed into the PUSCH.

One way to resolve this is to multiplex HARQ-ACK of PDSCH that arrive BEFORE the PUSCH and drop any HARQ-ACK from PDSCH after the PUSCH. That is in the example in Figure 3, the UE will only multiplex the HARQ-ACK from PDSCH#1 and drop the HARQ-ACK from PDSCH#2.
Proposal 10: When URLLC PUSCH collides with URLLC HARQ-ACK:
· The HARQ-ACK corresponding to DL Grants or PDSCH that arrive prior to the UL Grant of the PUSCH are multiplexed with the PUSCH.  
· The HARQ-ACKs corresponding to DL Grants arriving after the UL Grant are not multiplexed with the PUSCH.

2.3.3 eMBB UCI/PUSCH vs URLLC UCI/PUSCH
Since it is agreed that the scope of NR-iIoT is reduced to consider only prioritisation for intra-UE multiplexing [1], then a simple solution for all cases involving two different priority UCI/PUSCHs, e.g. eMBB vs URLLC, is to drop the lower priority UCI/PUSCH.
[bookmark: _GoBack]Proposal 11: When two different priority UCI/PUSCH collide, the lower priority UCI/PUSCH is dropped.

3. Conclusion
In this contribution we discuss UCI enhancement for URLLC.  We observe the following:
Observation 1: Dropping a sub-slot PUCCH due to collision with another PUCCH starting in the previous sub-slot crossing the sub-slot boundary will increase latency and reduces reliability.
Observation 2: If a 1st PUCCH in sub-slot n is scheduled AFTER a 2nd PUCCH in sub-slot n+1, then gNB cannot avoid a collision between the 1st PUCCH and the 2nd PUCCH if the 1st PUCCH needs to cross the sub-slot boundary (i.e. occupying sub-slot n and sub-slot n+1)
Observation 3: If a 1st PUCCH in sub-slot n is scheduled AFTER a 2nd PUCCH in sub-slot n+1, and the gNB can avoid a collision between the 1st PUCCH and the 2nd PUCCH by refraining from scheduling the 1st PUCCH to cross the sub-slot boundary, then there is no motivation for allowing any (sub-slot based) PUCCH to cross the sub-slot boundary.
Observation 4: Sub-slot based PUCCH is not intended to be high capacity or to carry a large number of HARQ-ACK feedbacks as it is meant for a short PUCCH multiplexing window so that the HARQ-ACK for URLLC PDSCH can be fed back quickly.
Observation 5: If a mixture of different PUCCH duration is required, a non-uniform sub-slot sized PUCCH configuration can be used, e.g. {3, 4, 7} such that long PUCCH duration can use a 7-symbol sub-slot and a short PUCCH duration can use a 3-symbol sub-slot, thereby avoiding the need for any PUCCH to cross a sub-slot boundary.
Observation 6: The SR ID is known at the physical layer of the UE.
Observation 7: For Rel-16 eURLLC, a DL Grant for a URLLC PDSCH with a PUCCH in slot k can be transmitted after an UL Grant with a URLLC PUSCH in slot k, where the PUCCH & PUSCH collide.
Observation 8: The HARQ-ACK of a PDSCH that arrives after a PUSCH has been or is in the process of being generated may not be multiplexed into the PUSCH.

We therefore propose the following:
Proposal 1: Support non-uniform sized sub-slots for PUCCH.
Proposal 2: Support the following sub-slot sizes arrangement for PUCCH: {7, 4, 3} and {3, 4, 7}.
Proposal 3: Sub-slot based PUCCH transmission is not allowed to cross a sub-slot boundary in Rel-16.
Proposal 4: When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, use DCI format or different RNTI to identify the HARQ-ACK codebook associated to the service type.
Proposal 5: In the physical layer, the priority of the SR is based on the SR ID, i.e. the lower the ID number of the SR is, the higher its priority.
Proposal 6: The priority of the PUSCH at Layer 1 is indicated by the MAC layer.
Proposal 7: RRC configures the LCIDs that can be multiplexed into a PUSCH that is transmitted using specific Configured Grant Index.
Proposal 8: When a positive URLLC SR with PF0 collides with URLLC HARQ-ACK with PF1, the HARQ-ACK & SR are multiplexed and transmitted using the PUCCH with PF1.
Proposal 9: For the case when a positive URLLC SR collides with URLLC HARQ-ACK with PF 2, 3 or 4 and if the maximum code rate is exceeded for carrying SR and HARQ-ACK bits when the maximum number of PRBs are used then:
· If all the HARQ-ACK are positive (ACK) then transmit only the SR
· If one or more of the HARQ-ACK is negative (NACK) then transmit only the HARQ-ACKs.  The gNB being aware of such collision will provide an UL Grant assuming the SR is positive

Proposal 10: When URLLC PUSCH collides with URLLC HARQ-ACK:
· The HARQ-ACK corresponding to DL Grants or PDSCH that arrive prior to the UL Grant of the PUSCH are multiplexed with the PUSCH.  
· The HARQ-ACKs corresponding to DL Grants arriving after the UL Grant are not multiplexed with the PUSCH.

Proposal 11: When two different priority UCI/PUSCH collide, the lower priority UCI/PUSCH is dropped.
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