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Introduction
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]In RAN1 #99 meeting, the following agreements were reached for the collision of UL transmissions with different priorities in agenda of “UCI enhancements” for NR Rel-16 URLLC [1].
	Agreements:
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where
· Tproc,2 is correponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· Note: d_2,1=0 is for cancellation
· The minimum processing time of the high priority channel is extended by d2 symbols
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
The overlapping condition is per repetition of the uplink transmission
Agreement:
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
The UE is not expected to be scheduled to transmit in the non-overlapping canceled symbols


[bookmark: _Toc24633293]In addition, the following conclusion was made for the two DG-PUSCH collision scenario in the agenda of “Enhancements to scheduling/HARQ” for NR Rel-16 URLLC [1].
	Conclusion
In Rel. 16 URLLC:
· The UE is not expected to be scheduled with two DG-PUSCH overlap in the time domain on the same carrier.


In this contribution, we first discuss the remaining issues regarding the cancellation timeline to drop the low priority transmission if it collides with a high priority transmission. In addition, the collision issue between multiple non-overlapping high-priority UL transmissions and one low-priority UL transmission is also discussed.
Remaining issues on collisions between two uplink transmissions with different priorities
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, it was agreed that the UE shall drop the low-priority UL transmission under certain timeline. To cancel the low priority transmission, the following steps need to be determined.
· Step 1: Determine an anchor as the reference time for cancellation
· Step 2: Define the timeline based on UE capability and the canceled low-priority channels/signals.
· Step 3: Determine at which point the UE shall cancel the low-priority transmission based on Step 1 and Step 2.    
In RAN1#99 meeting, the following agreements were reached roughly at the last moment of the meeting. 
	Agreements:
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where
· Tproc,2 is correponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· Note: d_2,1=0 is for cancellation
· The minimum processing time of the high priority channel is extended by d2 symbols
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
The overlapping condition is per repetition of the uplink transmission




The cancellation is determined as follows by applying the above steps.
· Step 1: The anchor is determined as the PDCCH scheduling the high-priority transmission.
· Step 2: The timeline is defined as Tproc,2 +d1 with d_2,1=0, and d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability. 
· Step 3: The cancellation starts from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission.
However, the agreed procedure cannot apply to all collision cases. For instance, if the high-priority transmission is a semi-static transmission without PDCCH. The anchor for reference time of cancellation needs to be redefined. Another instance is that if the high-priority transmission is a PUCCH with HARQ-ACK, the anchor for reference time of cancellation is not PDCCH scheduling the high-priority transmission but may be the PDSCH corresponding to the PUCCH with HARQ-ACK.
[bookmark: OLE_LINK5]In our views, the collision scenarios can be summarized to 3 different cases, namely,
· Case 1: The high-priority transmission is a PUCCH with HARQ-ACK
· Case 2: The high-priority transmission is a DG PUSCH.
· Case 3: The high-priority transmission is a semi-static UL transmission including SR/BFR or CG PUSCH transmission. 
In the following, the cancellation timeline to drop low-priority UL transmissions is discussed for each above case. 
Case 1: The high-priority transmission is a PUCCH with HARQ-ACK
In this case, the high-priority uplink transmission is a PUCCH with HARQ-ACK for DG PDSCH, SPS PDSCH or SPS release, and low-priority uplink transmission is a PUCCH with any UCI type or a PUSCH. One example is shown in Figure 1.
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Figure 1 Cancellation timeline when high-priority transmission is a PUCCH with HARQ-ACK
For this case, the cancellation is determined as follows by applying the above steps.
· Step 1: The anchor is determined as the PDSCH corresponding to the PUCCH transmission with high-priority HARQ-ACK .
· Step 2: The timeline is defined as Tproc,1 +d1 with d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability. 
· Step 3: The cancellation starts from Tproc,1 +d1 after the end of PDSCH corresponding to the PUCCH transmission with high-priority HARQ-ACK.
Proposal 1: If a PUCCH carrying with high-priority HARQ-ACK overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,1 +d1 after the end of PDSCH corresponding to the PUCCH transmission with high-priority HARQ-ACK, where
· Tproc,1 is corresponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability

Case 2: The high-priority transmission is a DG PUSCH
In this case, the high-priority uplink transmission is a DG PUSCH and the low-priority uplink transmission is a PUCCH carrying any UCI type or a CG PUSCH. The DG PUSCH with high priority includes DG PUSCH with UL-SCH or A-CSI in PUSCH without UL-SCH. An example for this case is shown in Figure 2.
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Figure 2 Cancellation timeline when high-priority transmission is a DG PUSCH
For this case, the cancellation is determined as follows by applying the above steps.
· Step 1: The anchor is determined as the PDCCH scheduling the high-priority transmission.
· Step 2: The timeline is defined as Tproc +d1 with d_2,1=0, and d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability. 
· If the high-priority transmission is a DG PUSCH with UL-SCH, Tproc  is Tproc,2, which is the preparation time for a PUSCH and corresponding to UE processing time capability for the carrier. 
· If the high-priority transmission is an A-CSI transmission in PUSCH without UL-SCH, Tproc is Tproc,CSI, which is the preparation time for A-CSI transmission and corresponding to UE processing time capability for the carrier. 
· Step 3: The cancellation starts from Tproc +d1 after the end of PDCCH scheduling the high-priority transmission.
Proposal 2: If a high-priority DG PUSCH transmission with UL-SCH overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority PUSCH transmission with UL-SCH, where
· Tproc,2  is corresponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability.
· Note: d_2,1=0 is for cancellation.
Proposal 3: If a high-priority DG PUSCH transmission without UL-SCH overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,CSI +d1 after the end of PDCCH scheduling the high-priority PUSCH transmission without UL-SCH, where
· Tproc,CSI is corresponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability.
Case 3: The high-priority transmission is a semi-static UL transmission 
In this case, the high-priority uplink transmission is a semi-static UL transmission and low-priority uplink transmission is a PUCCH carrying any UCI type or a PUSCH. The semi-static UL transmission with high priority includes both SR/BFR and CG PUSCH cases. An example for this case is shown in Figure 3.
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Figure 3 Cancellation timeline when high-priority transmission is a semi-static UL transmission
For this case, the cancellation is determined as follows by applying the above steps.
· Step 1: The anchor is determined as the first UL symbol of the high-priority transmission.
· Step 2: The timeline is defined as Tproc +d1 with d_2,1=0, and d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability. 
· When the high-priority transmission is a CG PUSCH , Tproc  is Tproc,2, which is the preparation time for a PUSCH and corresponding to UE processing time capability for the carrier. 
· When the high-priority transmission is a PUCCH with SR/BFR, Tproc  is Tproc,1,  which is the preparation time for a PUCCH  and corresponding to UE processing time capability for the carrier. 
· Step 3: The cancellation starts from Tproc +d1 before the first UL symbol of the high-priority transmission.
Proposal 4: If a high-priority PUCCH transmission carrying SR/BFR overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,1 +d1 before the first UL symbol of the high-priority PUCCH with SR/BFR, where
· Tproc,1 is corresponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability.
Proposal 5: If a high-priority CG PUSCH transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 before the first UL symbol of the high-priority CG PUSCH, where
· Tproc,2 is corresponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability.
· Note: d_2,1=0 is for cancellation.
Collision between multiple non-overlapping high-priority UL transmissions and one low-priority UL transmission simultaneously
In some cases, multiple non-overlapping high-priority uplink transmissions can simultaneously overlap with a low-priority uplink transmission, especially if the UL sub-slot is configured. For example, two high-priority uplink transmissions are transmitted via two UL sub-slots in the same UL slot #n, and both of them collide with a low-priority uplink transmission in slot #n. For these collisions, how to determine the starting symbol for canceling the low-priority uplink transmission needs further clarification.
These cases can be summarized into 3 collision types depending on whether the high-priority channels are dynamic and/or semi-static transmission.
Collision Type 1: The high-priority uplink transmissions are all dynamically scheduled by a PDCCH, e.g., a DG PUSCH or a PUCCH with HARQ-ACK associated with a DG PDSCH, SPS PDSCH or SPS release. The low-priority uplink transmission can be a PUCCH with any type of UCI or a PUSCH. Taking Figure 4 as an example, the low-priority uplink transmission is a PUCCH or CG PUSCH, and the high-priority uplink transmissions includes one DG PUSCH and one PUCCH with HARQ-ACK. 
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Figure 4 An example of Collision Type 1
Collision Type 2: The high-priority uplink transmissions are all semi-static uplink transmissions, e.g., a CG PUSCH or PUCCH with SR/BFR. The low-priority uplink transmissions can be a PUCCH with any type of UCI or a PUSCH. Taking Figure 5 as an example, the low-priority uplink transmission is PUCCH/PUSCH, and the high-priority uplink transmissions includes one PUCCH with SR/BFR and one CG PUSCH.  
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Figure 5 An example of Collision Type 2
Collision Type 3: The high-priority uplink transmissions include at least one semi-static uplink transmission and at least one dynamic uplink transmission. The low-priority uplink transmissions can be a PUCCH with any type of UCI or a PUSCH. Taking Figure 6 as an example, the low-priority uplink transmission is PUCCH/PUSCH, and the high-priority uplink transmissions includes one CG PUSCH and one PUCCH with HARQ-ACK. 
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Figure 6 An example of Collision Type 3
Solution
For all above 3 collision types, one simple solution is to determine the starting symbol for canceling the low-priority uplink transmission separately according to each high-priority uplink transmission by using the solutions for single high-priority transmission colliding with single low-priority transmission discussed in Section 2. If different timelines are obtained according to the different type of high-priority transmissions, the earliest symbol can be chosen as the starting symbol to cancel the low-priority uplink transmission.
Proposal 6: In case multiple non-overlapping high-priority uplink transmissions collide with one low-priority uplink transmission at the same time, the starting symbol for canceling the low-priority uplink transmission is determined by follows:
· Step 1: Calculate the starting symbols for canceling the low-priority uplink transmission separately according to each high-priority uplink transmission by the solutions for the case that single high-priority transmission collides with single low-priority transmission. 
· Step 2: Choose the earliest symbol in Step 1 as the starting symbol to cancel the low-priority uplink transmission.
[bookmark: _Toc483812420]Conclusions
In this contribution, the following proposals have been made:
Proposal 1: If a PUCCH carrying with high-priority HARQ-ACK overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,1 +d1 after the end of PDSCH corresponding to the PUCCH transmission with high-priority HARQ-ACK, where
· Tproc,1 is corresponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability
Proposal 2: If a high-priority DG PUSCH transmission with UL-SCH overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority PUSCH transmission with UL-SCH, where
· Tproc,2  is corresponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability.
· Note: d_2,1=0 is for cancellation.
Proposal 3: If a high-priority DG PUSCH transmission without UL-SCH overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,CSI +d1 after the end of PDCCH scheduling the high-priority PUSCH transmission without UL-SCH, where
· Tproc,CSI is corresponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability.
Proposal 4: If a high-priority PUCCH transmission carrying SR/BFR overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,1 +d1 before the first UL symbol of the high-priority PUCCH with SR/BFR, where
· Tproc,1 is corresponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability.
Proposal 5: If a high-priority CG PUSCH transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 before the first UL symbol of the high-priority CG PUSCH, where
· Tproc,2 is corresponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability.
· Note: d_2,1=0 is for cancellation.
Proposal 6: In case multiple non-overlapping high-priority uplink transmissions collide with one low-priority uplink transmission at the same time, the starting symbol for canceling the low-priority uplink transmission is determined by follows:
· Step 1: Calculate the starting symbols for canceling the low-priority uplink transmission separately according to each high-priority uplink transmission by the solutions for the case that single high-priority transmission collides with single low-priority transmission. 
· Step 2: Choose the earliest symbol in Step 1 as the starting symbol to cancel the low-priority uplink transmission. 
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