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[bookmark: _Ref521334010]Introduction
[bookmark: OLE_LINK1]At the RAN1#101 e-meeting, several issues on intra-UE multiplexing/prioritization were discussed and multiple agreements were reached. In this contribution, we discuss the remaining issues for intra-UE prioritization.
Discussion
Timeline requirement for cancellation
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, cancellation timeline was discussed in RAN1#101 meeting and approved with the following agreements.
	Agreement
If a UE is configured with a single UL carrier and in case a dynamically scheduled high priority channel overlaps with a low priority channel, the SCS for Tproc,2 calculation is determined as the smallest SCS configuration of the PDCCH providing the DCI for the low priority channel (if any), the SCS configuration for the PDCCH providing the DCI for the high priority channel, the SCS configuration of the low priority channels to be cancelled and the SCS configuration of the high priority channel.
Agreement
If a UE is configured with ULCA and in case a dynamically scheduled high priority channel overlaps with a low priority channel(s), the SCS for Tproc,2 calculation is determined as the smallest SCS configuration of the PDCCHs providing the DCIs for the low priority channel(s) (if any), the SCS configuration for the PDCCH providing the DCI for the high priority channel, the SCS configuration of the low priority channels to be cancelled and the SCS configuration of the high priority channel. 



For determination the value of   for Tproc,2, it can be seen that the SCS configuration of the PDCCH providing the DCI for the low/high priority channel, and the SCS configuration of the low/high priority channels are considered. However, in case the low/high priority channel is PUCCH, the SCS configuration of PDSCH corresponding to the low/high priority channels is not considered. Since the SCS configuration of PDSCH is considered in PDSCH processing time, it is proposed that the SCS configuration of the PDSCH is considered in cancellation time.
[bookmark: _GoBack]Proposal 1: The SCS configuration of the PDSCH corresponding to the overlapping PUCCH should be considered in cancellation time.
A text proposal is provided below for cancellation timeline in section 9 of 38.213.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
If a UE is scheduled by a DCI format in a first PDCCH reception to transmit a first PUCCH or a first PUSCH of larger priority index that overlaps with at least a second PUCCH or a second PUSCH transmission of smaller priority index that, if any, is scheduled by a DCI format in a second PDCCH
-	 is based on a value of  corresponding to the smallest SCS configuration of the first PDCCH, the second PDCCHs, the PDSCHs corresponding to the first PUCCH or the PDSCHs corresponding to the second PUCCHs, the first PUCCH or the first PUSCH, and the second PUCCHs or the second PUSCHs 
-	if the overlapping group includes the first PUCCH
-	if processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell where the UE receives the first PDCCH and for all serving cells where the UE receives the PDSCHs corresponding to the second PUCCHs, and if processingType2Enabled of PUSCH-ServingCellConfig is set to enable for the serving cells with the second PUSCHs, N2 is 5 for , 5.5 for  and 11 for  
-	else, N2 is 10 for =0, 12 for , 23 for , and 36 for ;
-	if the overlapping group includes the first PUSCH 
-	if processingType2Enabled of PUSCH-ServingCellConfig is set to enable for the serving cells with the first PUSCH and the second PUSCHs and if processingType2Enabled of PDSCH-ServingCellConfig is set to enable for all serving cells where the UE receives the PDSCHs corresponding to the second PUCCHs, N2 is 5 for , 5.5 for  and 11 for 
-	else, N2 is 10 for =0, 12 for , 23 for , and 36 for ;
----------------------------------------------------- End of text proposal ------------------------------------------------------
Clarification on PUCCH overriding
For intra-UE prioritization, the following agreement was made in last meeting to avoid keeping UE waiting to determine whether to perform cancellation. 
	Agreement
If a UE is expected to cancel a scheduled low priority PUCCH/PUSCH due to a first DCI scheduling an overlapping high priority channel, the UE is not expected to transmit the scheduled low priority PUCCH/PUSCH due to a second DCI scheduling PUCCH/PUSCH that is received after the first DCI.
· Note: The collision between HP PUSCH and LP PUSCH is not covered by this agreement.



Two clarifications of PUCCH overriding related with the agreement were discussed in last meeting without conclusion. We give our views below.
Clarification 1: For PUCCH overriding of a high priority PUCCH, which PUCCH resource for high priority HARQ-ACK is applied to determine whether there is overlapping with low priority UL channel or not.
· Option 1: The PUCCH resource for HARQ-ACK codebook indicated in the latest corresponding DCI 
· Option 2: The PUCCH resource for HARQ-ACK codebook indicated in any corresponding DCI 


[bookmark: _Ref47111048]Figure 1: PUCCH overriding for high priority channel
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]An example is given in Figure 1, UE receives a first HP DCI1 with a PUCCH1 overlapping with a LP channel, and then it receives HP DCI2, which overrides the PUCCH1. The PUCCH2 indicated by HP DCI2 is not overlapping with LP channel. The issue of option 1 in this case is that the timing between HP DCI2 and LP channel may be very short, UE does not know the PUCCH1 would be overridden by HP DCI2 when it begin to cancel the LP channel. Hence option 2 is preferred which is also aligned with the agreement in the last meeting; otherwise timeline is needed for option 1.
Proposal 2: In PUCCH overriding of a high priority PUCCH, a low priority channel would be canceled if the resource of low priority channel overlaps in time with a resource of high priority PUCCH indicated in any DCI corresponding to the high priority PUCCH.

Clarification 2: For PUCCH overriding of a low priority PUCCH, whether HARQ-ACK codebook could be transmitted in a second PUCCH resource when the second PUCCH resource overrides a first PUCCH and the first PUCCH resource overlaps with a high priority UL channel
· Option 1: Yes
· Option 2: No


[bookmark: _Ref47111595]Figure 2: PUCCH overriding for low priority channel
An example is given in Figure 2, UE receives a first LP DCI1 with a PUCCH1 overlapping with a HP channel, and then it receives LP DCI2, which overrides the PUCCH1. The PUCCH2 indicated by LP DCI 2 is not overlapping with HP channel. The issue is that whether HARQ-ACK information transmitted in PUCCH2 would be impacted if PUCCH1 is cancelled by a HP channel. Considering that HARQ-ACK codebook transmitted in PUCCH2 is determined based on the HARQ-ACK codebook construction scheme defined in specification, the HARQ-ACK codebook should not be changed by a temporary overlapping with high priority channels, otherwise the HARQ-ACK codebook size will be changed which is contrary to the principle of Type-1 HARQ-ACK codebook and inconsistent with the T-DAI indicated in DCI for Type-2 HARQ-ACK codebook. On the other hand, UE has not begun to prepare the PUCCH1 before decoding LP DCI2, no additional work is needed if UCI is multiplex on PUCCH2. Hence, option 1 is preferred for clarification 2.
Proposal 3: For PUCCH overriding of a low priority PUCCH, HARQ-ACK codebook could be transmitted in a second PUCCH resource overriding a first PUCCH no matter the first PUCCH resource overlaps with a high priority UL channel or not.

[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Processing order of UL cancellation by TDD configuration/SFI/DG and other UL multiplexing/cancellation
At last meeting, the issue for processing order of UL cancellation by semi-static configured DL symbols or SSB symbols and other UL multiplexing/cancellation was discussed and there is one agreement as bellow:   
Agreement
· After the UE determines the overlapping PUCCH or PUSCH for multiplexing/prioritization, the UE cancels the PUCCH or PUSCH that has overlapping with semi-static configured DL symbols or SSB symbols, and then the multiplexing/prioritization is performed among the non-cancelled overlapping transmissions 
As for the processing order of UL cancellation by SFI/DL grant and other UL multiplexing/cancellation, there is no conclusion. In our view, we would like to make a proposal that UE behavior of handling intra-UE prioritization/multiplexing for overlapping UL transmissions is not affected by dynamic SFI and/or DL grant. 
The first reason is it is a similar issue as we discussed for UL CI, and it was agreed UE behavior of handling intra-UE prioritization/multiplexing for overlapping UL transmissions is not affected by UL CI, although the timeline defining is one of the candidate solutions and it was not adopted after discussion. It is not desirable to make two different agreements for the same problem.
As discussed in contribution [1], gNB cannot know the SFI/DL grant received time is later or not than the preparation time of intra-UE multiplexing. Take an example as shown in Figure 3, a PUCCH with SPS HARQ-ACK is partially overlapped with a dynamic PUSCH and the DL symbols indicated by SFI. Since the SFI is received later than the starting point for PUSCH preparation with HARQ-ACK, UE already processes HARQ-ACK piggyback on the PUSCH and cannot remove HARQ-ACK from the PUSCH since UE does not have enough time to re-prepare PUSCH by considering the cancellation of SPS HARQ-ACK. Since a DCI scheduling a PUSCH/PUCCH overlapping with a semi-static UL channel can be sent at any time, it is hard to say UE could always process cancellation before multiplexing in any case without a new timeline definition for processing order (a timeline to adjust whether cancellation could be operated firstly, such as if the SFI/DCI is received earlier, UE processes the cancellation firstly, otherwise, UE processes the intra-UE multiplexing firstly), while UE can always perform intra-UE multiplexing before cancellation without any new timeline.

    
Figure 3: SPS HARQ-ACK overlaps with the DL symbols indicated by a later SFI
Even when new timeline for processing order is defined, it is hard to say there is always benefit when operates the processing order between cancellation and multiplexing based on the timeline is satisfied or not. From the benefit of system throughput, as shown in figure 4, if cancellation is performed before multiplexing, the HARQ-ACK is canceled by the DL symbols indicated by SFI, there is no intra-UE overlapping but the HARQ-ACK is dropped. If multiplexing is performed before cancellation, the SPS HARQ-ACK can be piggyback on PUSCH. In this case, processing multiplexing before cancellation is more beneficial. 


[bookmark: _Ref47113847]Figure 4: SPS HARQ-ACK overlaps with the DL symbols indicated by an early SFI
In Figure 5, a CG PUSCH is partially overlapped with a PUCCH carrying a HARQ-ACK for a scheduled PDSCH and the DL symbols indicated by SFI. If cancellation is performed before multiplexing, the CG PUSCH is canceled and the dynamic HARQ-ACK can be transmitted in a PUCCH. If multiplexing is performed before cancellation, the HARQ-ACK is piggyback on CG PUSCH, but the CG PUSCH is further canceled by the by SFI which leads to the HARQ-ACK dropping due to lack of processing time to re-prepare HARQ-ACK on PUCCH. It seems the processing cancellation before multiplexing is more beneficial in this case. 




[bookmark: _Ref47113852]Figure 5: a CG PUSCH is partially overlapped with the DL symbols indicated by SFI
From the examples as discussed above, it can be seen that different processing orders outperform in different overlapping cases and the timeline defining may not always help the HARQ-ACK to be transmitted. It is difficult to define such timeline to match different cases. Hence, considering define a new timeline for processing order in the cost of increasing specification works without any benefit, defining a uniform processing order by processing intra-UE multiplexing before cancellation is more reasonable.
In addition, when SFI in Figure 3-5 is changed into a DL DCI scheduling a PDSCH transmission that overlaps with the SPS HARQ-ACK, even there is enough time to perform cancellation before multiplexing, there will be misunderstanding between UE and gNB if the DL DCI is missed by UE, which is not acceptable for either UCI or PUSCH transmission. 
Finally, when cancellation is performed firstly for overlapping UL channels, after intra-UE multiplexing for the remaining UL channels, there may be a new PUCCH resource determined for UCI multiplexing, which means cancellation should be checked again for such new PUCCH resources. While to perform cancellation after intra-UE multiplexing could avoid such redundant operation of cancellation with twice time. 
Hence, based on the above analysis, we have the following observation and proposal:
Observation: The timeline definition may not bring any benefit.
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Proposal 4: Intra-UE prioritization/multiplexing is always performed before cancellation by SFI and/or DL grant in case of UL channels overlapping. 

Conclusion
In this contribution, we analyse the remaining issues for intra-UE prioritization of URLLC and give the following observations and proposals:
Observation: The timeline definition may not bring any benefit.
Proposal 1: The SCS configuration of the PDSCH corresponding to the overlapping PUCCH should be considered in cancellation time.
Proposal 2: In PUCCH overriding of a high priority PUCCH, a low priority channel would be canceled if the resource of low priority channel overlaps in time with a resource of high priority PUCCH indicated in any DCI corresponding to the high priority PUCCH.
Proposal 3: For PUCCH overriding of a low priority PUCCH, HARQ-ACK codebook could be transmitted in a second PUCCH resource overriding a first PUCCH no matter the first PUCCH resource overlaps with a high priority UL channel or not.
Proposal 4: Intra-UE prioritization/multiplexing is always performed before cancellation by dynamic SFI and/or DL grant for UL channels overlapping. 
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