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1 Introduction

In this contribution, we discuss some remaining issues on UCI enhancement for URLLC
2 Discussion
2.1 Cancellation timeline
The following was agreed in RAN1#99: 

Agreement:
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

There are some discussion on R1 #100b-emeeting but with no agreement. From our point of view, the intention behind this proposal is to give gNB a clear rule that when the UE will cancel the low priority channels so that gNB can try to just receive and decode the non-cancelled part without the possible interference on the resource of the cancelled part, so it can offer the possibility that in some cases UE may successfully transmit several code blocks or multiplexed UCI even with the non-cancelled part. So we understand the proposal as, Tproc,2+d1 is the exact point/time for cancellation. That is the UE is not allowed to cancel before or after Tproc,2+d1.
Clarification 1: The RAN1 #99 agreement about cancelling timing should be interpreted as Tproc,2+d1 is the exact point/time for cancellation. That is the UE is not allowed to cancel before or after Tproc,2+d1.
But this agreement would in some cases lead to the high priority channel be conflicted by the low priority channel since it is cancelled too late. An example as below in Fig.1, a FDD system with µ=2 and UE capability 1 is assumed. The UE is configured dmrs-AdditionalPosition = pos0 and report to gNB that d1=0，d2=0. The UE is scheduled a low priority 14 symbol PUSCH and an overlapping PUCCH for a high priority HARQ-ACK corresponding to a PDSCH with mapping type B. The length of PDCCH channel for the scheduling DCI of the PDSCH is 2 symbol and is followed immediately by the PDSCH.
According to the agreement above and the calculation defined in 38.214, Tproc,2 +d1=N2+ d1=23+0=23.That means the low priority PUSCH is cancelled after 23 symbols later than the end of the PDCCH channel. Whereas the nearest time for UE to transmit HARQ-ACK PUCCH is Tproc,1 +d2=N1+d1,1 +d2=17+3+0=20 symbols after the end of PDSCH, i.e. 22 symbol after the end of the PDCCH channel. That means, if the gNB wants to schedule the HARQ-ACK feedback with shortest delay, the PUCCH channel for HARQ-ACK will be conflicting with the low priority PUSCH by 1 symbol.
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Fig.1 high priority channel is conflicted by low priority channel

Some companies suggested to define the minimum processing time of the high priority PUSCH is extended by max{d1, d2} symbols, but it didn’t resolve the conflicting issue mentioned above, since conflicting still exist with d1= d2 in the example in Fig.1.
Observation 1: The RAN1 #99 agreement about cancelling timing would lead conflicting issue which cannot be resolved by defining the minimum processing time of the high priority PUSCH is extended by max{d1, d2}.
Some company proposed that we can restrict the scheduling of high priority channels to avoid such conflicting, which to us is not reasonable, since our purpose is to prioritize the high priority channel other than restrict it. For our opinion, the cancelling time defined in the above agreement is too relaxed, and sometimes is even longer than the time for preparing a high priority channel. Since in Release 16, both the low and high priority channels are applying the same processing capability, the cancelling time can certainly be shorten to no longer than the preparing time of the high priority channel. A straightforward solution is to cancel the low priority channel before the transmission of the overlapped high priority channel if the high priority channel is scheduled by a DCI.  
Proposal 1: A straightforward solution is to cancel the low priority channel before the transmission of the overlapped high priority channel if the high priority channel is scheduled by a DCI.
2.2 Cancellation/multiplexing order
The following was agreed in RAN1#99: 

Agreement

To resolve collision between UL transmissions, a UE performs the following: 

· Step 1: Resolve collision between UL transmissions with same priority. 

· Step 2: Resolve collision between UL transmissions with different priorities.
Last meeting some company proposed a scenario which the above agreement seems not applicable, described as Fig 2 below, after UE receive HP DCI2, UE would start cancelling the low priority PUSCH instead of waiting for the HP DCI3. 
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Fig.2 UCI/PUSCH overlapping of different priorities
And proposed the following UE behaviour,
· If a UE determines to transmit

·  a first PUCCH of larger priority index in response to a first PDCCH, the first PUCCH overlaps with a second PUCCH or a PUSCH of smaller priority index,

·  a PUSCH of larger priority index scheduled by a second PDCCH after the first PDCCH, and the UE would multiplex the UCI of the first PUCCH on the PUSCH of larger priority index,

· The UE cancels the second PUCCH or the PUSCH of smaller priority index as described above.

We understand the reason behind this proposal is that UE may not be able to wait until all the DCIs scheduling high priority PUCCH/PUSCH to start cancelling. A very nature and reasonable UE behaviour is to start cancelling after receiving the first DCI scheduling a high priority PUCCH, since UE would not be able to know whether there is upcoming high priority DCI or not.
Enlighted by Fig.2, we propose another similar scenario, as depicted in Fig.3. A first DCI1 schedules low priority PUSCH1, a second DCI2 schedules a PDSCH corresponding to high priority HARQ-ACK2, and a third DCI3 schedules a PDSCH corresponding to low priority HARQ-ACK3. Following the RAN1#99 agreement, UE would have to wait for the DCI3 to schedule HARQ-ACK3 and multiplex HARQ-ACK3 to PUSCH1 since they are both low priority. But at the point when DCI2 is received, it is impossible for UE know there will be DCI 3. So After receiving DCI2, it is nature for UE to start cancelling PUSCH1.
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Fig.3 UCI/PUSCH overlapping of different priorities

Our observation is that, UE just need to do multiplexing/cancelling in a “first come first process” manner. UE may receive multiple DCIs scheduling PUSCH/HARQ-ACK overlapped in a slot, and UE would do 

Step1, multiplexing/cancelling based on the first two received DCIs, and then if there are a third DCI scheduling an overlapping channel in the same slot, 

Step2, UE will do multiplexing/cancelling for the outcome channel of Step 1and the overlapping channel scheduled by the third DCI. 
And this process can go no to tackle all the overlapping channels in the slot. The RAN1#99 agreement, from our point of view, is in some cases not applicable. And we propose to reconsider this agreement.

 Proposal 2: The RAN1#99 agreement about multiplexing/cancelling order is not applicable in some cases and needs to be reconsidered. It is more nature for UE to operate in a“first come first process” manner.
3 Conclusions

In this contribution, we discuss remaining issues on UCI for URLLC:
Clarification 1: The RAN1 #99 agreement about cancelling timing should be interpreted as Tproc,2+d1 is the exact point/time for cancellation. That is the UE is not allowed to cancel before or after Tproc,2+d1.
Observation 1: The RAN1 #99 agreement about cancelling timing would lead conflicting issue which cannot be resolved by defining the minimum processing time of the high priority PUSCH is extended by max{d1, d2}.
Proposal 1: A straightforward solution is to cancel the low priority channel before the transmission of the overlapped high priority channel if the high priority channel is scheduled by a DCI.
Proposal 2: The RAN1#99 agreement about multiplexing/cancelling order is not applicable in some cases and needs to be reconsidered. It is more nature for UE to operate in a“first come first process” manner.
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