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Discussion and Decision
1 Introduction
During RAN1#98 meeting, the following conclusions are achieved for PUSCH enhancements.

	Conclusion:

In terms of how to handle the interaction of enhanced PUSCH with DL/UL directions, consider the following options:

· For DG PUSCH

· If dynamic SFI is not configured,

· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.

· If dynamic SFI is configured

· Option 1: behavior not dependent on dynamic SFI

· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.

· FFS whether the conflict between dynamic SFI and symbols used for PUSCH transmission is considered as an error case, e.g.

· Option 1-1a: The UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window.

· Option 1-1b: No error case is defined and in general all semi-static flexible symbols are used for PUSCH within the PUSCH transmission time window.

· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.

· Option 1-3: Dynamic indication in UL grant on which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.

· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.

· Option 2: the UE uses SFI to determine the symbols to transmit

· In case SFI is configured and received 

· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols

· Option 2-2: Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols

· Option 2-3: Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.

· Option 2-4: A repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol

· In case SFI is configured and not received

· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.

· For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant

· If dynamic SFI is not configured,

· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.

· If dynamic SFI is configured

· Option 1: behavior not dependent on dynamic SFI

· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.

· This does not seem to make much sense for CG. If semi-static flexible symbols are always used for CG PUSCH, the gNB can essentially configure these symbols as UL in semi-static configuration. – no need for this option?

· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.

· Option 1-3 from DG is not applicable for CG.

· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.

· Option 2: the UE uses SFI to determine the symbols to transmit

· In case SFI is configured and received 

· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols

· Option 2-2 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols)

· Option 2-3 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.)

· Option 2-4: a repetition is not transmitted if it conflicts with a semi-static DL symbol and a dynamic DL/flexible symbol

· In case SFI is configured and not received

· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.

· For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant,

· Alt 1: same behavior as DG PUSCH

· Alt 2: same behavior as CG PUSCH without an associated UL grant

· …

· FFS: in case of a repetition not being transmitted (as in the above bullets), whether a repetition is a nominal repetition or a repetition after segmentation due to semi-static DL symbol(s)/slot boundary

· FFS: whether to postpone or not, and if yes, under what condition(s)

· FFS: whether/how guard period is handled

· Note that segmentation at slot boundary is always performed, even though it is not explicitly mentioned in the bullets above.

· FFS: the handling of conflict with SSB/PRACH symbols, the handling of conflict with semi-statically configured DL reception, etc.

Other options are not precluded


In this contribution, we present our views on how to handle the interaction of enhanced PUSCH with DL/UL directions.
2 Discussion
2.1 Interaction of dynamic grant PUSCH with DL/UL directions
According to Rel-15 NR specification, when a PUSCH is dynamically scheduled by a DCI, both UL and flexible symbols can be used for the transmission regardless of whether a SFI is configured or detected. That is, for a DG PUSCH, the UE shall perform UL transmission only according to the UL grant. Considering the scenario and requirements of Rel-16 URLLC, we suggest similar behaviour as Rel-15 can be considered for handling the interaction of enhanced PUSCH with DL/UL directions. Determining resources for PUSCH transmission without considering the SFI can simply UE behaviour. On the other hand, there is no benefit to consider the SFI for determining the behaviour for PUSCH transmission; on the contrary, additional UE behaviour should be defined to handle the miss detection of SFI. It is not necessary and should be avoided. 
For reasonable scheduling behaviour, a gNB should handle the direction of physical resource if it has been scheduled for a DG PUSCH. In this case, the UE behaviour dependent on dynamic SFI is not necessary. The gNB should guarantee that a semi-static flexible symbol is reserved for PUSCH to satisfy the requirements of URLLC. Accordingly, the UE does not expect any semi-static flexible symbol to be indicated as DL during the PUSCH transmission. As for the semi-static DL symbols, the UE shall perform PUSCH segmentation to around semi-static DL symbols.
Proposal 1: The transmission of DG PUSCH should not dependent on the dynamic SFI regardless of whether dynamic SFI is configured. Adopting the following behaviours to handle the interaction of enhanced PUSCH with DL/UL directions: 

· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols
· The UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window
2.2 Interaction of configured grant PUSCH with DL/UL directions
Similar reasons with DG PUSCH, it is preferred that the CG PUSCH should interact only with semi-static configured DL/UL resources. Moreover, different from the DG PUSCH, the UL resource for Type 2 CG PUSCH is periodically occurred and reserved until a release command is received. The UE can determine whether to perform UL transmission on the reserved UL resource according to the UL traffic. Considering the efficiency of resource utilization, whether the semi-static flexible symbol is always available for CG PUSCH should be discussed. 
First, for CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, the semi-static flexible symbol should not be used for PUSCH. This method can avoid the waste of UL resources since gNB cannot ensure the URLLC service can always occupy the reserved UL resources. The gNB can properly assign MCS, TBS and/or time/frequency resources to overcome the reliability issue. Otherwise, the gNB shall avoid the collision of CG PUSCH and flexible symbol as much as possible. Second, for the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, this case can be similar to the DG PUSCH, the gNB transmits the UL grant DCI for activating the type 2 CG PUSCH that is likely based on the request from the UE side. Therefore, the same behaviour as DG PUSCH can be used.
Figure 1 illustrates the proposed UE behaviour for handling the interaction of enhanced PUSCH with DL/UL directions. As for the case when a PUSCH symbol cannot be transmitted due to collision with, for example, semi-static flexible or DL symbol, the transmission should not be postponed to simplify UE behavior and gNB scheduling.

Proposal 2: The transmission of CG PUSCH (other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant) should not depend on the dynamic SFI regardless of whether dynamic SFI is configured. Adopting the following behaviour to handle the interaction of enhanced PUSCH with DL/UL directions: 

· Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
Proposal 3: For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, the same behaviour as DG PUSCH is used.
Proposal 4: When a PUSCH symbol cannot be transmitted due to collision the transmission should not be postponed.
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Figure 1: UE behaviour for handling the interaction of enhanced PUSCH with DL/UL directions
3 Conclusion

Based on our discussions, we have the following proposals:
Proposal 1: The transmission of DG PUSCH should not dependent on the dynamic SFI regardless of whether dynamic SFI is configured. Adopting the following behaviours to handle the interaction of enhanced PUSCH with DL/UL directions: 

· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols
· The UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window

Proposal 2: The transmission of CG PUSCH (other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant) should not depend on the dynamic SFI regardless of whether dynamic SFI is configured. Adopting the following behaviour to handle the interaction of enhanced PUSCH with DL/UL directions: 

· Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
Proposal 3: For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, the same behaviour as DG PUSCH is used.
Proposal 4: When a PUSCH symbol cannot be transmitted due to collision the transmission should not be postponed.
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