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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#98bis, we made the following agreements:
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. 

[bookmark: _GoBack]This contribution considers some remaining issues on UCI enhancements for eURLLC.  NOTE: This contribution is a revision of [1].
2. Discussions 
It is agreed that there are two priority levels, i.e. high and low, for UCI (SR & HARQ-ACK) and PUSCH.  In RAN1#98bis, we agreed on the handling of two colliding intra UE UL transmissions (UCI vs UCI and UCI vs PUSCH) for the scenarios where two UL transmissions have different priorities and where both UL transmissions are of low priority.  The remaining collision scenarios are for two colliding UL transmissions that are high priority, i.e. URLLC SR vs URLLC HARQ-ACK and URLLC HARQ-ACK vs URLLC PUSCH.

2.1 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.   PF0 is a sequence with 13 states to indicate a combination of SR & 2 HARQ-ACK.  Hence, there is no loss of reliability whether PF0 carries a single positive SR or a positive SR + 2 HARQ-ACKs. 
Observation 1: Rel-15 behaviour of dropping an SR with PF0 when colliding with HARQ-ACK with PF1 leads to latency which is not suitable for eURLLC.
Observation 2: Since PUCCH Format 0 is a sequence with 13 states to indicate all combinations of SR & 2 HARQ-ACKs, the reliability of PUCCH Format 0 is not impacted by whether it carries a single SR or an SR + 2 HARQ-ACKs.

Since the reliability of PF0 is not impacted if it carries both SR & HARQ-ACK, a simple solution is that if SR with PF0 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 1: 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 PF0.

For Case 2, the Rel-15 procedure will determine the number of SR bits OSR and number of HARQ-ACK bits OACK and then calculates the number of PRBs required for the PUCCH to carry OSR+OACK bits such that the resultant code rate 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.  
Observation 3: In Rel-15, the SR & HARQ-ACK bits are multiplexed into PUCCH with format 2, 3, 4 and transmitted even when the maximum code rate is exceeded when the maximum number of PRBs for the PUCCH is reached.  This would degrade the reliability of the overall PUCCH transmission.

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 transmits 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 2: 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

2.2 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 [2].  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.  However, in Rel-16, this scenario is useful to transmit 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 4: 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 bits 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 (ACK / NACK status) of the later PDSCH is known.
Observation 5: The HARQ-ACK of a PDSCH may not be multiplexed into a PUSCH if the PDSCH arrives after the PUSCH has already been processed or is in the process of being generated.

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 3: 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.

3. Conclusion
In this contribution, we discuss some remaining issues in UCI enhancements for eURLLC.  We observe the following:
Observation 1: Rel-15 behaviour of dropping an SR with PF0 when colliding with HARQ-ACK with PF1 leads to latency which is not suitable for eURLLC.
Observation 2: Since PUCCH Format 0 is a sequence with 13 states to indicate all combinations of SR & 2 HARQ-ACKs, the reliability of PUCCH Format 0 is not impacted by whether it carries a single SR or an SR + 2 HARQ-ACKs.
Observation 3: In Rel-15, the SR & HARQ-ACK bits are multiplexed into PUCCH with format 2, 3, 4 and transmitted even when the maximum code rate is exceeded when the maximum number of PRBs for the PUCCH is reached.  This would degrade the reliability of the overall PUCCH transmission.
Observation 4: 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 5: The HARQ-ACK of a PDSCH may not be multiplexed into a PUSCH if the PDSCH arrives after the PUSCH has already been processed or is in the process of being generated.

We therefore propose the following:
Proposal 1: 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 PF0.
Proposal 2: 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 3: 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.
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