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1	Introduction 
In this document, the text proposals for the following topics are presented. Each corresponding section also includes a reason for the proposed addition or modification.
	Section 2
	Multiplexing and cancellation order 

	Section 3
	Transmissions on the cancelled symbols, multiple cancellations and simultaneous reception of scheduling DCI and ULCI 

	Section 4
	Uplink cancellation with priority indication 

	Section 5
	2-D bit-map for ULCI

	Section 6
	Exact mapping of ULCI bits to the resources

	Section 7
	Impact of ULCI on other physical layer procedures



2	Intra-UE Multiplexing and Inter-UE Cancelation order 
In NR Rel-16 eURLLC, both intra-UE prioritization/multiplexing and inter-UE prioritization can be supported by a same UE. In this case, the UE needs to determine an order for applying the intra-UE multiplexing/cancellation and the intra-UE cancellation. Depending on the order on which these two operations are performed, the outcome maybe very different. 
Consider the example in the following figure: 


Fig. 1 UICI vs intra-UE multiplexing and cancellation order
The UE may be scheduled with a low-priority PUCCH overlapping with a low priority PUSCH. Afterwards, the UE may receive an ULCI which indicates that part of the low priority PUSCH is cancelled. In this case, if the UE applies the intra-UE multiplexing first, then UE shall piggyback the UCI of the PUCCH on the PUSCH first, and then applying the ULCI on the resulting PUSCH, hence cancelling both the PUCCH and the PUSCH. On the other hand, if the UE applies the ULCI prior to performing the intra-UE multiplexing, then the UE will cancel the PUSCH but still transmit the PUCCH. To resolve the ambiguity between UE and gNB, we propose that the UE always apply the ULCI after resolving the overlapping uplink channels. In other words, the detection of ULCI at the UE would not change the UE behavior to resolve overlapping uplink transmissions.
	Modified clause (Section 11.2A of TS 38.213)


A UE that detects a DCI format 2_4 for a serving cell cancels a PUSCH transmission, or a repetition of a PUSCH transmission [6, TS 38.214] if the PUSCH transmission is with repetitions, or an SRS transmission on the serving cell if, respectively,
-	a group of symbols, from the  symbols, has a corresponding bit value of '1' in the DCI format 2_4 and includes a symbol of the (repetition of the) PUSCH transmission or of the SRS transmission, and
-	a group of PRBs, from the  PRBs, has a corresponding bit value of '1' in the DCI format 2_4 and includes a PRB of the (repetition of the) PUSCH transmission or of the SRS transmission,
where 
-	the cancellation of the (repetition of the) PUSCH transmission includes all symbols from the earliest symbol of the (repetition of the) PUSCH transmission that are in one or more groups of symbols having corresponding bit values of '1' in the DCI format 2_4; 
-	the cancellation of the SRS transmission includes only symbols that are in one or more groups of symbols having corresponding bit values of '1' in the DCI format 2_4.
If a UE would transmit multiple overlapping PUCCHs and PUSCHs or SRSs or multiple overlapping PUSCHs and SRSs, and if the UE detects a DCI format 2_4 to cancel at least one of the PUSCH transmissions or SRS transmissions, the UE behavior to resolve the overlapping among the multiple overlapping PUCCHs, PUSCHs and SRSs  is not changed due to detection of DCI format 2_4. 
	End



3	Transmissions on the cancelled symbols, multiple cancellations and simultaneous reception of scheduling DCI and ULCI
For handling collisions in the uplink, it was agreed that the UE is not expected to be scheduled with another uplink transmission over the symbols that were not overlapping but cancelled according to the following agreement from RAN1 #99:
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

The same scheduling behavior is expected when an uplink channel is cancelled due to the reception of ULCI. 
Further, in case the UE cancels a low priority channel due to a collision with a high priority channel, the UE should not expect the high priority channel to be cancelled due to ULCI. Finally, the UE should not be expected to receive a scheduling DCI and the ULCI to cancel the same scheduled channel at the same time.
To capture these exceptions, we propose the following addtions as follows:
	Modified clause (Section 11.2A of TS 38.213)


An indication by a DCI format 2_4 for a serving cell is applicable to PUSCH or SRS transmissions on the serving cell. For the serving cell, the UE determines the first symbol of the  symbols to be the first symbol that is after  from the end of a PDCCH reception where the UE detects the DCI format 2_4.  corresponds to the PUSCH processing capability 2 [6, TS 38.214] assuming  with  being the smallest SCS configuration between the SCS configurations of the PDCCH and of a PUSCH transmission or of an SRS transmission on the serving cell. 
A UE that detects a DCI format 2_4 for a serving cell cancels a PUSCH transmission, or a repetition of a PUSCH transmission [6, TS 38.214] if the PUSCH transmission is with repetitions, or an SRS transmission on the serving cell if, respectively,
-	a group of symbols, from the  symbols, has a corresponding bit value of '1' in the DCI format 2_4 and includes a symbol of the (repetition of the) PUSCH transmission or of the SRS transmission, and
-	a group of PRBs, from the  PRBs, has a corresponding bit value of '1' in the DCI format 2_4 and includes a PRB of the (repetition of the) PUSCH transmission or of the SRS transmission,
where 
-	the cancellation of the (repetition of the) PUSCH transmission includes all symbols from the earliest symbol of the (repetition of the) PUSCH transmission that are in one or more groups of symbols having corresponding bit values of '1' in the DCI format 2_4; 
-	the cancellation of the SRS transmission includes only symbols that are in one or more groups of symbols having corresponding bit values of '1' in the DCI format 2_4.
The UE is not expected to be scheduled by a PDCCH with another PUSCH/PUCCH with a priority index 0 or SRS where  the transmission of the PUSCH/PUCCH/SRS starts before the end of the time domain allocation of the cancelled PUSCH or overlaps with the cancelled symbol(s) of SRS.
The UE is not expected to detect a DCI format scheduling a PUSCH/SRS and a DCI format 2_4 that indicates the cancellation of the same PUSCH/SRS in the same monitoring occasion of a search space set or overlapping monitoring occasions of different search space sets.
If a UE reports the capability of [intra-UE prioritization], and a PUSCH/PUCCH/SRS of a lower priority index is cancelled by a PUSCH/PUCCH of a larger priority index, the UE is not expected to detect a DCI format 2_4 cancelling the transmission of the prioritized PUSCH/PUCCH.  
	End



4	Uplink Cancellation with Priority Indication
Currently, once a UE detects a DCI format 2_4 intended for a serving cell, it cancels all PUSCHs which has an overlap with the time and frequency resources indicated by ULCI. However, if the UE supports the 2-level priority in the uplink, it may happen that, due to the coarse indication granularity of ULCI, some of its high-priority channels also get cancelled unnecessarily. To address this issue, we propose to define a configuration parameter that indicates whether ULCI is applied to only the low priority channels or both the low and high priority channels. Additionally, with the introduction of this configuration parameter, instead of defining a fixed rule, the gNB can flexibly control the pre-emption decisions as needed. As an example, if UE1’s high priority traffic/service is of a lower priority than UE2’s low priority, UE1 can be configured to apply ULCI to all channels. 
To include this behaviour, we propose the following text proposal: 
	Modified clause (Section 11.2A of TS 38.213)


A UE that detects a DCI format 2_4 for a serving cell cancels a PUSCH transmission, or a repetition of a PUSCH transmission [6, TS 38.214] if the PUSCH transmission is with repetitions, or an SRS transmission on the serving cell if, respectively,
-	a group of symbols, from the  symbols, has a corresponding bit value of '1' in the DCI format 2_4 and includes a symbol of the (repetition of the) PUSCH transmission or of the SRS transmission, and
-	a group of PRBs, from the  PRBs, has a corresponding bit value of '1' in the DCI format 2_4 and includes a PRB of the (repetition of the) PUSCH transmission or of the SRS transmission,
where 
-	the cancellation of the (repetition of the) PUSCH transmission includes all symbols from the earliest symbol of the (repetition of the) PUSCH transmission that are in one or more groups of symbols having corresponding bit values of '1' in the DCI format 2_4; 
-	the cancellation of the SRS transmission includes only symbols that are in one or more groups of symbols having corresponding bit values of '1' in the DCI format 2_4.
If a UE is provided UplinkCancellation, and if uplinkCancellationPriority is set to enable, the cancellation indication by a DCI format 2_4 for a serving cell is only applicable to PUSCHs with priority index set to 0 and SRS. 
	End



5	2D bitmap for ULCI
In RAN1 #99, it was agreed that the time domain granularity for ULCI is defined as number of partitions within the time region denoted by , and that the number of symbols indicated by ULCI, denoted by  shall exclude cell-specific semi-static downlink symbols. However, since the ULCI may need to be monitored with small periodicity, it may happen that the number of symbols covered by the ULCI after removing the semi-static DL symbols is smaller than . In this case, the current 2D bitmap method will resolve in unnecessarily wasted bits. Instead, these bits could be reused to indicate a finer resolution in the frequency domain. 
Consider for example, ,  and . The 2D mapping rule in the current spec will have 2 frequency-region in each symbol group, and 4 bits will be wasted. Instead, we could reuse the additional four bits to achieve a finer granularity in the indicate 3 frequency domain on the first four symbol groups, as shown in the following figure.
[image: ]
Fig 1. 2D big map for ULCI

	Modified clause (Section 11.2A of TS 38.213)


For a serving cell having an associated field in DCI format 2_4, for the field denote by 
-	 a number of bits provided by CI-PayloadSize
-	 a number of PRBs provided by frequencyRegionforCI in timeFrequencyRegion
-	 a number of symbols, excluding symbols for reception of SS/PBCH blocks and DL symbols indicated by tdd-UL-DL-ConfigurationCommon, provided by timeDurationforCI in timeFrequencyRegion
-	 a number of partitions for the  symbols provided by timeGranularityforCI in timeFrequencyRegion
If , 
·  sets of bits from the  bits have a one-to-one mapping with  groups of symbols where each of the first  groups includes  symbols and each of the remaining  groups includes  symbols. 
· For a group of symbols,  bits from each set of bits have a one-to-one mapping with  groups of PRBs where each of the first  groups includes  PRBs and each of the remaining  groups includes  PRBs. 
If ,
·  sets of bits from the  bits have a one-to-one mapping with the  symbols, where each of the first   set of bits includes  bits, and each of the remaining    sets include  bits 
· For a symbol, the corresponding set of bits has a one-to-one mapping with  RB groups (RBGs) of PRBs, where each of the first  groups includes  PRBs and each of the remaining  groups includes  PRBs.
A UE determines a symbol duration with respect to a SCS configuration of an active DL BWP where the UE monitors PDCCH for DCI format 2_4 detection.
A UE determines a first PRB index as  and a number of contiguous RBs as  from frequencyRegionforCI that indicates an offset  and a length  as RIV according to [6, TS 38.214], and from offsetToCarrier that indicates  for a SCS configuration of an active DL BWP where the UE monitors PDCCH for DCI format 2_4 detection.
	End



5	Exact Mapping of ULCI Bits to Resources 
In the current version of the spec, the exact mapping of each of the ULCI bits to the resources is not clearly stated. More specifically, it is not clear whether when portioning the ULCI bits into groups, one should start from the MSB or the LSB of the  bits in DCI format 2_4. For comparison, in the description of DLPI, the ordering of the DLPI bits to the resources are clearly stated as starting from the MSB of the set of bits in DCI format 2_1. To avoid the ambiguity between UE and gNB, we propose to clarify that when mapping the ULCI bits to the UL resources, the ordering of the ULCI bits starts from the MSB.


	Modified clause (Section 11.2A of TS 38.213)


For a serving cell having an associated field in DCI format 2_4, for the field denote by 
-	 a number of bits provided by CI-PayloadSize
-	 a number of PRBs provided by frequencyRegionforCI in timeFrequencyRegion
-	 a number of symbols, excluding symbols for reception of SS/PBCH blocks and DL symbols indicated by tdd-UL-DL-ConfigurationCommon, provided by timeDurationforCI in timeFrequencyRegion
-	 a number of partitions for the  symbols provided by timeGranularityforCI in timeFrequencyRegion
If , 
·  sets of bits from the MSB of the  bits   bits have a one-to-one mapping with  groups of symbols where each of the first  groups includes  symbols and each of the remaining  groups includes  symbols. 
· For a group of symbols,  bits from each set of bits have a one-to-one mapping with  groups of PRBs where each of the first  groups includes  PRBs and each of the remaining  groups includes  PRBs. The ith bit in a set of bits for a group of symbols is applicable to the ith group of PRBs. 
If ,
·  sets of bits from the MSB of the  bits have a one-to-one mapping with the  symbols, where each of the first   set of bits includes  bits, and each of the remaining    sets include  bits 
· For a symbol, the corresponding set of bits has a one-to-one mapping with  RB groups (RBGs) of PRBs, where each of the first  groups includes  PRBs and each of the remaining  groups includes  PRBs. The ith bit in a set of bits for a group of symbols is applicable to the ith group of PRBs. 
A UE determines a symbol duration with respect to a SCS configuration of an active DL BWP where the UE monitors PDCCH for DCI format 2_4 detection.
A UE determines a first PRB index as  and a number of contiguous RBs as  from frequencyRegionforCI that indicates an offset  and a length  as RIV according to [6, TS 38.214], and from offsetToCarrier that indicates  for a SCS configuration of an active DL BWP where the UE monitors PDCCH for DCI format 2_4 detection.

A UE determines a symbol duration with respect to a SCS configuration of an active DL BWP where the UE monitors PDCCH for DCI format 2_4 detection.
A UE determines a first PRB index as  and a number of contiguous RBs as  from frequencyRegionforCI that indicates an offset  and a length  as RIV according to [6, TS 38.214], and from offsetToCarrier that indicates  for a SCS configuration of an active DL BWP where the UE monitors PDCCH for DCI format 2_4 detection.

7 Impact of ULCI on other Physical Layer Procedures 
For a UE that supports ULCI, it may receive the ULCI indication and cancel a PUSCH or SRS transmission accordingly. However, it is not clear how these canceled PUSCH/SRS transmissions will affect other physical and MAC layer procedures, e.g., power control, PHR reports, etc. 
As an example, consider the following scenario. The gNB may indicates a first transmit power control (TPC) command  on the first UL grant, and indicate a second TPC command  on the second grant. Furthermore, the first PUCSH may be cancelled due to the reception of DCI format 2_4. However, when determining the transmit power for the second PUSCH, the UE may accumulate both  and  . In other words, although the first PUSCH is cancelled, the control information in the corresponding scheduling DCI shall still be honored by the UE, and may be applicable to future transmissions from the UE. Similarly, the UE may determine the NDI toggle state for the second PUSCH based on the NDI indicated in the scheduling DCI of the first PUSCH (provided that they belong to the same HARQ process).

Based on the above observation, we make the following proposal. 
[bookmark: _GoBack]Proposal: If a UE would cancel a PUSCH or SRS due to the detection of ULCI, the UE behavior at least for the following procedure shall not be affected by the cancellation of the PUSCH or SRS
· TPC accumulation 
· NDI determination
· FFS other physical or MAC layer procedures  
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