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1. Introduction
In the RAN1#107-e meeting, an email thread of Rel-16 UE procedures for UCI multiplexing and prioritization was organized and there was no conclusion/agreement after lengthy discussion.
In this contribution, we further discuss the issues and provide a potential TP.
2. Rel-16 UE procedures for UCI multiplexing and prioritization
In the final stage of RAN1#107-e meeting, Option 5 was proposed for all companies to consider whether it can be a potential way forward. Option 5 provides a good balance between the complexity, scheduling flexibility and performance, as acknowledged by most companies. The latest description of option 5 is: 
Option 5: The UE makes a determination about canceling the LP channel at the cancellation deadline. This determination is based on the multiplexing/overriding of the HP channels that are determined up to the cancellation deadline. 
· Multiplexing/overriding of the HP channels are performed based on their associated timelines defined in R15. 
· Each and every dynamically scheduled HP channel as well as the HP channels that are the result of the HP channel multiplexing/overriding and are overlapping with a LP channel should satisfy the cancellation timeline, i.e., the gap between the ending symbol of the HP DCI to the starting symbol of that HP channel should be at least Tproc,2+d1.  
· The UE cancels the LP channel starting from the first symbol that overlaps with the HP channel at the latest, i.e., the current specification wording is kept. 
· Once a LP channel is determined to be cancelled at the cancellation deadline, a UE is not expected to revert its decision.
As compared with Option 2 below, the Figure from [1] can describe the different outcome of the two options:
	· Option 2 (v2): The UE does not use the outcome of intermediate multiplexing for HP channels to cancel LP channels.
· Any HP channel with a corresponding DCI that overrides or overlaps with a HP channel that overlaps with a LP channel shall meet the cancellation timeline, namely all HP DCIs corresponding to these HP channels must arrive Tproc,2+d1 before the earliest symbol of the LP channel that would be cancelled by the any of these HP channels.
· All HP PUCCH/PUSCH channels except the final HP PUCCH/PUSCH that gets transmitted by the UE are intermediate channel



[image: ]
Figure 1 the difference between Option 5 and Option 2

The cancellation deadline in RED is when the UE checks all the DCIs before this time and determine on whether to cancel LP based on the received DCIs. This cancellation deadline comes from the cancellation timeline requirement, i.e., it is Tproc,2+d1 before the start of a HP channel.
From UE perspective, for both Option 2 and Option 5, the UE should follow the same cancellation deadline and determine the cancellation. 
From gNB perspective, for Option 2, gNB should make sure that all the involved HP DCIs satisfy the cancellation timeline requirement based on the front HP channel in a group of HP channels and the additional restriction on gNB may be specified. But Option 5 doesn’t need any additional restriction on gNB. For option 5, there is a need to explicitly define the cancellation deadline. 
The cancellation deadline means UE determines on whether to cancel LP based on the received DCIs and the actual cancellation would not happen before the cancellation deadline. For example, as Figure 2 shows, at least the part of already transmitted LP channel will not be cancelled if the part of LP channel is prior to the cancellation deadline.
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Figure 2 part of LP channel can’t be cancelled

3. TP for Rel-16 UE procedures for UCI multiplexing and prioritization
If Option 5 is adopted, a TP based on [2] is proposed as below
[bookmark: _Toc44877071][bookmark: _Toc51963702][bookmark: _Toc26719411][bookmark: _Toc20311586][bookmark: _Toc58252800][bookmark: _Toc12021474]9	UE procedure for reporting control information
< Unchanged part is omitted >
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes other than PUCCH transmissions with SL HARQ-ACK reports before considering limitations for UE transmission as described in clause 11.1 and clause 11.1.1, including repetitions if any, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of smaller priority index as described in clauses 9.2.5 and 9.2.6. Then, 
-	if a transmission of a first PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of a transmission of a second PUSCH or a second PUCCH of smaller priority index, the UE cancels the repetition of a transmission of the second PUSCH or the second PUCCH before the first symbol that would overlap with the first PUCCH transmission
-	if a transmission of a first PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of the transmission of a second PUCCH of smaller priority index, the UE cancels the repetition of the transmission of the second PUCCH before the first symbol that would overlap with the first PUSCH transmission
where 
-	the overlapping is applicable before or after resolving overlapping among channels of larger priority index, if any, as described in clauses 9.2.5 and 9.2.6
-	the UE does not expect the determination of overlapping for PUCCH and/or PUSCH transmissions of different priority indexes would be before  prior to the starting symbol of the first PUCCH or the first PUSCH.
-	any remaining PUCCH and/or PUSCH transmission after overlapping resolution is subjected to the limitations for UE transmission as described in clause 11.1 and clause 11.1.1
-	the UE expects that the transmission of the first PUCCH or the first PUSCH, respectively, would not start before  after a last symbol of the corresponding PDCCH reception
-	is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this clause, and  is determined by a reported UE capability
< Unchanged part is omitted >

References
[1] R1- 2112889, Summary of email discussion [107-e-NR-L1enh-URLLC-05] on UCI multiplexing and prioritization in Rel-16, Moderator (Apple), RAN1#107-e, Nov. 2021.
[2] 3GPP TS 38.213-g80, Physical layer procedures for control, Release 16.

image1.png
DCI1  PDSCH1

When DCI1 comes before red
deadline, and DC1&DCI2(+PDSCH)
before mux deadline:

b2 PDSCH2

Cancellation Time

HP PUCCH1
HARQ-ACK1

HP PUCCH2
SR+ARQ-ACK1

HP PUCCH3
SR+HARQ-
ACK1&2

HP PUCCHO SR

]

SO

time




image2.png
Can’t be cancelled

LP Chanriel

DIt W

Cancellation deadline

Mux timeline




