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1 Introduction

In current specification [1], a semi-static UL channel can be cancelled under certain conditions, and multiplexing rule is defined for time domain overlapping UL channels including semi-static UL channel. When such semi-static UL channel overlaps with other channel(s) in time, it is not clear whether cancellation or multiplexing should be done first, which may result in misunderstanding between UE and gNB. 
In this contribution, we give our analysis on this issue.
2 Discussion

When multiple PUCCHs overlap in time, all UCI types are multiplexed in one PUCCH when timeline conditions are satisfied. When a PUCCH overlaps with one or more PUSCHs, UCI should be piggybacked on a PUSCH from the set of PUSCHs overlapping with PUCCH when timeline conditions are satisfied. 

One or more PUCCH/PUSCH channel(s) among the overlapping channels could be semi-static UL channel(s), i.e. UL channel which is not in response to a DCI, such as a PUCCH carrying SPS HARQ-ACK (HARQ-ACK of SPS PDSCH), CSI and/or SR, or a PUSCH without corresponding DCI (such as CG PUSCH or PUSCH carrying SP-CSI). However, the semi-static UL channel could be cancelled under certain conditions. Whether cancellation or multiplexing is processed first would lead to different outcomes.
Generally, a semi-static UL channel (including the PUSCH repetition in the subsequent slots) in a set of symbols could be cancelled under the following rules (the corresponding specification could be seen in Appendix):

· when at least one symbol in the set of symbols is scheduled for DL transmission by a DCI scheduling a DL transmission
· when at least one symbol in the set of symbols is indicated as DL symbol by RRC for slot format configuration
· when at least one symbol in the set of symbols is configured for SSB transmission by RRC 
· when at least one symbol in the set of symbols is indicated as DL or Flexible symbol by SFI
· after T2 time after the last symbol of CORESET for SFI transmission when UE does not receive SFI and at least one symbol in the set of symbols is considered as Flexible symbol (configured by RRC or when there is no RRC configuration)
· for a CG PUSCH overlapping with a DG PUSCH with at least N2 time gap between the scheduling DCI of the DG PUSCH and the CG PUSCH
· for a CG PUSCH with the same HARQ process number as a DG PUSCH with at least N2 time gap between the scheduling DCI of the DG PUSCH and the CG PUSCH

From the above rules for cancelling a semi-static UL channel, it could be seen that the yellow rules are based on semi-static configurations, which means both UE and gNB could know the cancellation in advance. Hence, it is possible to do cancellation before multiplexing or vice versa. However, we still need a predefined a rule for the processing order between cancellation and multiplexing to keep the same understanding between UE and gNB. Otherwise, UE may cancel an UL channel without multiplexing and gNB may assume to receive an UL channel with multiplexing, and when there are multiple CG PUSCHs overlap with a PUCCH, UE may select one PUSCH after cancellation while gNB may assume PUSCH is selected based on all configured PUSCHs, or vice versa. 
Each processing order may have its merit and demerit. Take a PUCCH carrying SPS HARQ-ACK overlapping with a dynamic PUSCH as an example, as shown in Figure 1. If cancellation is processed before multiplexing, PUCCH carrying SPS HARQ-ACK is cancelled due to overlapping with a semi-static DL symbol, then there is no further overlapping between PUCCH and PUSCH, however the SPS HARQ-ACK is dropped as well. If multiplexing is processed before cancellation, SPS HARQ-ACK can be piggybacked on PUSCH even there is a semi-static DL symbol within the PUCCH resource carrying SPS HARQ-ACK. Although cancellation first may reduce the complexity of processing, but SPS HARQ-ACK is dropped which is not good for DL throughput. It seems that processing multiplexing before cancellation is more beneficial in terms of spectral efficiency. There is similar issue for the cases of CSI/SR overlapping with dynamic PUSCH or PUCCH with corresponding DCI, or semi-static UCI overlapping with each other.
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Figure 1 Semi-static PUCCH with unavailable symbol overlaps with PUSCH
Take a PUCCH carrying HARQ-ACK with corresponding DCI overlaps with a CG PUSCH as another example, as shown in Figure 2. If cancellation is processed before multiplexing, CG PUSCH is cancelled due to overlapping with a semi-static DL symbol, and there is no further overlapping between PUCCH and PUSCH. Furthermore, if there are more than one PUSCH overlapping with the PUCCH, one of the PUSCHs after cancellation processing will be selected for UCI piggyback. If multiplexing is processed before cancellation, HARQ-ACK is piggybacked on the CG PUSCH, and the CG PUSCH is further cancelled due to overlapping with a semi-static DL symbol leading to HARQ-ACK dropping since there may be no time for UE to prepare and transmit HARQ-ACK in PUCCH resource anymore. In this case, it seems that cancellation before multiplexing is more beneficial to avoid UCI dropping. There is similar issue for the cases of CSI/SR overlapping with CG PUSCH or semi-static UCI overlapping with each other.

[image: image2.emf]F F F F F U D D D F F F U U

A slot

Dynamic HARQ-ACK

CG PUSCH


Figure 2 Semi-static PUSCH with unavailable symbol overlaps with PUCCH
Hence, it is hard to say which processing order is better since different processing orders outperforms in different overlapping cases. 

For the above rules for cancelling a semi-static UL channel, it could be seen that green rules are based on DCI indication, which means UE and gNB may have different understandings if UE missed the DCI and there may be no enough time for UE to get the cancellation indication based on the DCI before the multiplexing. 

Take a PUCCH carrying SPS HARQ-ACK overlapping with a dynamic PUSCH as an example, as shown in Figure 3. When there is a DCI scheduling a PDSCH transmission that overlaps with the PUCCH carrying SPS HARQ-ACK, the PUCCH should be cancelled. However, since the DCI scheduling the PDSCH is later than the point for PUSCH preparation, which means before UE knows that PUCCH is cancelled by the DCI, UE already operates SPS HARQ-ACK piggyback on PUSCH and starts to do the preparation. That means multiplexing is always done before cancellation. In addition, even if DCI scheduling a PDSCH is before the preparation point of PUSCH, if cancellation is processed before multiplexing based on the DCI, there may be misunderstanding between UE and gNB when such DCI is missed by UE. Similar issue exists when scheduling DCI is replaced by DCI with SFI. 
Hence, for cancellation indicated by both RRC configurations and DCI (for scheduling or for SFI indication), processing order should be clarified so as to avoid the misunderstanding between UE and gNB. While at least for cancellation indicated by DCI, multiplexing before cancellation is better to avoid misunderstanding leading by DCI missing. 
Proposal 1: Processing order of multiplexing and cancellation should be clarified when at least one of the UL overlapping channels would be cancelled.
Proposal 2: UL multiplexing is processed before cancellation when at least one of the UL overlapping channels would be cancelled by DCI.
To achieve a unified solution, the same rule as for the case of cancellation indicated by DCI/SFI could be used for the case of cancellation indicated by RRC configurations. Hence, we have the following proposal:

Proposal 3: UL Multiplexing is processed before cancellation when at least one of the UL overlapping channels would be cancelled.
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Figure 3 Semi-static PUCCH cancelled by SFI overlaps with PUSCH
3 Conclusion
This contribution discussed the operation order of multiplexing and cancellation when there is at least one UL channel could be cancelled within the overlapping group of UL channel and gives the following proposals:
Proposal 1: Processing order of multiplexing and cancellation should be clarified when at least one of the UL overlapping channels would be cancelled.
Proposal 2: UL multiplexing is processed before cancellation when at least one of the UL overlapping channels would be cancelled by DCI.
Proposal 3: UL Multiplexing is processed before cancellation when at least one of the UL overlapping channels would be cancelled.
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5 Appendix：

	TS 38.213

11.1
Slot configuration
[unnecessary part is omitted]

For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 

-
the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format 1_0 or the DCI format 1_1 or the DCI format 0_1, after a number of symbols that is smaller than the PUSCH preparation time 
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 for the corresponding UE processing capability [6, TS 38.214] assuming 
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 corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 1_0, DCI format 1_1 or DCI format 0_1 and the SCS configuration of the SRS, PUCCH, PUSCH or r, where r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise r=0
-
the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols 
[unnecessary part is omitted]

For a set of symbols of a slot that are indicated to a UE as downlink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not transmit PUSCH, PUCCH, PRACH, or SRS when the PUSCH, PUCCH, PRACH, or SRS overlaps, even partially, with the set of symbols of the slot.
[unnecessary part is omitted]

For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot that are indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.
[unnecessary part is omitted]

If a UE is scheduled by a DCI format 0_1 to transmit PUSCH over multiple slots, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol, the UE does not transmit the PUSCH in the slot.
11.1.1
UE procedure for determining slot format
 [unnecessary part is omitted]

If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-
the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format 2_0 or the DCI format 1_0 or the DCI format 1_1 or the DCI format 0_1, after a number of symbols that is smaller than the PUSCH preparation time 
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 for the corresponding PUSCH processing capability [6, TS 38.214] assuming 
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 corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0, DCI format 1_0, DCI format 1_1 or DCI format 0_1 and the SCS configuration of the SRS, PUCCH, PUSCH or r, where r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise r=0
-
the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols. 
[unnecessary part is omitted]

For a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a slot format for the slot
-
the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 1_0, DCI format 1_1, or DCI format 0_1
-
the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR UL grant
-
the UE receives PDCCH as described in Subclause 10.1
-
if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE does not receive the PDSCH or the CSI-RS in the set of symbols of the slot

-
if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot, the UE 
-
does not transmit the PUCCH, or the PUSCH, or the PRACH in the slot and does not transmit the SRS in symbols from the set of symbols in the slot, if any, starting from a symbol that is after PUSCH preparation time 
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 for the corresponding PUSCH timing capability [6, TS 38.214] assuming 
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 after a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and 
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 corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or r, where r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise r=0
-
does not expect to cancel the transmission of the SRS, or the PUCCH, or the PUSCH, or the PRACH in symbols from the set of symbols in the slot, if any, starting before a symbol that is after the PUSCH preparation time 
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 for the corresponding PUSCH timing capability [6, TS 38.214] assuming 
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 after a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and 
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 corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or r, where r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise r=0
TS 38.214

6
Physical uplink shared channel related procedure

6.1
UE procedure for transmitting the physical uplink shared channel
[unnecessary part is omitted]
A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. Upon detection of a DCI format 0_1 with "UL-SCH indicator" set to "0" and with a non-zero "CSI request" where the associated "reportQuantity" in CSI-ReportConfig set to "none" for all CSI report(s) triggered by "CSI request" in this DCI format 0_1, the UE ignores all fields in this DCI except the "CSI request" and the UE shall not transmit the corresponding PUSCH as indicated by this DCI format 0_1. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to transmit a PUSCH that overlaps in time with another PUSCH. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i. The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.
A UE is not expected to be scheduled by a PDCCH ending in symbol [image: image17.png]


 to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol [image: image19.png]


 on the same serving cell if the end of symbol [image: image21.png]
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 symbols before the beginning of symbol [image: image25.png]


. The value [image: image27.png]


 in symbols is determined according to the UE processing capability defined in Subclause 6.4, and [image: image29.png]


and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.

A UE is not expected to be scheduled by a PDCCH ending in symbol [image: image31.png]


 to transmit a PUSCH on a given serving cell for a given HARQ process, if there is a transmission occasion where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321] with the same HARQ process on the same serving cell starting in a symbol [image: image33.png]
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, and if the gap between the end of PDCCH and the beginning of symbol [image: image37.png]


 is less than [image: image39.png]


 symbols. The value [image: image41.png]


 in symbols is determined according to the UE processing capability defined in Subclause 6.4, and [image: image43.png]


and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
[unnecessary part is omitted]
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