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1 Introduction
For enhancement of ultra-reliable low-latency communication (URLLC) in 3GPP Release-16 New Radio (NR), flexible repetitions of a transport block (TB) in a PUSCH based on a single uplink grant is currently being considered. Compared to a slot aggregation feature in 3GPP Rel-15 NR, where a UE performs repeated TB transmissions with different redundancy versions on the same set of symbols of multiple slots mainly for coverage enhancement, the TB repetition schemes for URLLC should be able to accommodate both reliability enhancement and latency reduction. 
In RAN1#98 meeting, RAN1 made the following agreements regarding time-domain resource determination for enhanced PUSCH [1]:
Agreements:

In terms of how to interpret L and K for all PUSCH transmissions, down-select between the following two:

· Alt 1: The time window within which valid symbols are used for transmission is L*K.

· FFS the definition of “valid symbols”
· Alt 2: The time window within which valid symbols are used for transmission can be longer than L*K symbols, and it is extended at least in case of semi-static DL symbols.

· FFS extension of the time window in case of dynamic DL symbols and/or semi-static flexible symbols and/or reserved symbols (if defined) and/or SSB symbols and/or type-0 CSS in CORESET#0 (as indicated by MIB)

· FFS the definition of “valid symbols”
· FFS whether to define a maximum time window size and if so, details
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 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible 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 2-4: 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 document, we discuss remaining details of option 4 for enhanced PUSCH transmission, e.g. interpretation of L and K, interaction with DL/UL directions, indication of number of repetitions, a transport block size (TBS) determination. This document is updated from R1-1909154. 
2 Discussion
2.1 Interpretation of L and K

In DCI scheduling an enhanced PUSCH, a UE can receive information of L (i.e. a length of a nominal repetition in terms of a number of symbols) from a TDRA field and information of K (i.e. a number of repetitions) from a separate DCI field or from joint encoding with other information, e.g. SRS resource indicator (SRI) or activated PUCCH resources.
Regarding how to interpret L and K, it is desired that L*K defines a complete transmission window for the enhanced PUSCH without any potential extension. Thus, we support Alt1 (i.e. The time window within which valid symbols are used for transmission is L*K).

Proposal 1: The time window within which valid symbols are used for transmission is L*K.

2.2 Determination of valid symbols for transmission in TDD

If a UE is configured to monitor a DCI format 2_0 including a dynamic slot format indicator (SFI), to determine UL symbols in TDD, the UE can receive an indication of slot formats for RRC configured ‘Flexible’ slots/symbols in DCI scheduling the enhanced PUSCH or DCI activating a configured grant enhanced PUSCH. Dynamic slot-format indication based on DCI format 2_0 (group-common DCI) may not meet URLLC reliability requirement. Also, in the enhanced PUSCH, only using semi-statically configured UL/DL regions for transmission/reception of the PUSCH/PDSCH may not provide enough resources to guarantee reliability or may take longer time to complete PUSCH transmission with required actual transmission time. To enhance the reliability of slot formation indication, dynamic slot format indication for slots including higher-layer configured ‘Flexible’ symbols can be included in the scheduling DCI and/or (re)-activation DCI of URLLC PDCCH, if resource allocation of the enhanced PUSCH includes the slots with higher-layer configured ‘Flexible’ symbols. 
For example, a subset of slot formats (e.g. with 2-4 bit indication in DCI) from the set of slot formats defined in 3GPP TS 38.213 can be used. For further reduction of DCI overhead, one slot format indicated in the scheduling DCI can be used for all “Flexible” slots (i.e. slots including the higher-layer configured ‘Flexible’ symbols) within the enhanced PUSCH duration.  
Proposal 2: Support including dynamic slot format indication in the scheduling DCI and/or (re)-activation DCI of URLLC PDCCH, if resource allocation of an enhanced PUSCH includes the slots with higher-layer configured ‘Flexible’ symbols. 
2.3 Time-domain resource determination for each repetition 
In an enhanced PUSCH consisting of repeated transport block (TB) transmissions, a transmission occasion of the enhanced PUSCH should not map across higher priority-PUCCH resources configured for low-latency HARQ-ACK feedback or low-latency scheduling request (SR) and/or configured higher-priority PUSCH resources. Both in paired spectrum (i.e. FDD) and in unpaired spectrum (i.e. TDD), the UE may need to support low-latency HARQ-ACK feedback transmission in response to reception of URLLC PDSCH and transmission of URLLC PUSCH (i.e. the enhanced PUSCH consisting of multiple transmission occasions for TB repetition) simultaneously. In uplink, UE’s transmitting two uplink channels with different frequency-domain resource allocations simultaneously may not be effective due to potential intermodulation and resulting power amplifier (PA) output power backoff. Thus, if the enhanced PUSCH overlaps in time with another higher-priority uplink channels (e.g. PUCCH for low latency HARQ-ACK feedback/SR or the highest-priority configured grant PUSCH resource) and if the UE did not have enough processing time to multiplex low latency HARQ-ACK feedback/SR in the PUSCH (i.e. timeline requirements are not met), the UE would have to stop PUSCH transmission and potentially resume PUSCH transmission after completing transmission of higher priority uplink channels. Since the enhanced PUSCH also needs to be protected to meet the reliability requirement, puncturing a part of a transmission occasion of the enhanced PUSCH which overlaps with other higher priority uplink channels in time may not be efficient. Furthermore, due to PA power setting change during transmission of another uplink channel e.g., with a different transmission power or different frequency allocation, phase discontinuity occurs and accordingly, starting a new transmission occasion of the enhanced PUSCH (e.g., including its self-contained DM-RS) is desired. 
Proposal 3: One transmission occasion of an enhanced PUSCH is determined such that it does not map across higher priority-PUCCH resources configured for low-latency HARQ-ACK feedback or low-latency SR and/or configured higher-priority PUSCH resources.
OFDM symbols of the enhanced PUSCH (i.e. URLLC PUSCH with TB repetition), which overlap in time-domain with other higher priority uplink channels (e.g. PUCCH resources configured for URLLC HARQ-ACK feedback or higher-priority configured PUSCH resources), can be opportunistically used for the enhanced PUSCH. For example, if the UE determines that the UE would not transmit on a configured higher-priority PUCCH and/or PUSCH resource, the UE extends the enhanced PUSCH transmission occasion to include the PUSCH symbols which overlap in time with the configured higher-priority PUCCH and/or PUSCH resource by transmitting the additional channel bits on the time-overlapped enhanced PUSCH symbols. 
Proposal 4: The transmission occasion of the enhanced PUSCH opportunistically includes the symbols which overlap in time with the configured higher-priority PUCCH and/or PUSCH resource by transmitting the additional channel bits on the time-overlapped PUSCH symbols.
2.4 TBS determination
The UE can determine a starting/ending time and a duration for each transmission occasion in an enhanced PUSCH, based on time-domain resource allocation, the slot boundary timing information, DL/UL configuration and slot format information in unpaired spectrum, higher-priority PUSCH resource configuration information, and/or higher-priority-PUCCH resource configuration information. In Option 4, a duration of one transmission occasion of the enhanced PUSCH in terms of a number of symbols can be in the range from a value A (e.g. 2) up to a value L+A-1, where L is a nominal duration indicated via the TDRA field or parameter. That is, if a number of remaining contiguous available symbols following the nominal duration in contiguous available symbols of a slot for the PUSCH starting from the symbol X of the slot is less than the value A, the remaining contiguous available symbols in addition to the nominal duration are included in the transmission occasion (i.e. extension of a mini-slot). Otherwise, a new transmission occasion is formed from the remaining contiguous available symbols. The value A can be dependent on the nominal duration. 
The UE can determine a TBS for the enhanced PUSCH, based on durations of transmission occasions of the enhanced PUSCH. In one example, the UE can determine the TBS based on an average or median transmission occasion duration of the PUSCH. This allows the UE to transmit self-decodable channel bits in most of transmission occasions if the transmission occasions have similar durations. In another example, the UE determines the TBS based on the maximum transmission occasion duration of the PUSCH. Under a given target data rate (e.g. similar TBS for a given PUSCH), this method allows gNB to schedule a lower MCS for the PUSCH and exploit the coding gain. Under a given MCS, the method allows gNB to schedule a larger TBS with less or no limitation in frequency domain resource allocation. In another example, the UE can determine the TBS based on the minimum transmission occasion duration of the PUSCH. This method guarantees the UE to transmit self-decodable channel bits in all transmission occasions even when the transmission occasions have large variations in terms of their durations. gNB can choose a proper method for TBS determination based on the knowledge of available time-frequency resources and scheduling priority in a cell, latency requirements of on-going traffics, UE’s buffer status report, etc. 
Proposal 5: Support determining a TBS for the enhanced PUSCH, based on durations of transmission occasions of the enhanced PUSCH.   
3 Conclusion
In summary, we observe and propose the followings for PUSCH enhancements for URLLC:

· Proposal 1: The time window within which valid symbols are used for transmission is L*K.

· Proposal 2: Support including dynamic slot format indication in the scheduling DCI and/or (re)-activation DCI of URLLC PDCCH, if resource allocation of an enhanced PUSCH includes the slots with higher-layer configured ‘Flexible’ symbols. 
· Proposal 3: One transmission occasion of an enhanced PUSCH is determined such that it does not map across higher priority-PUCCH resources configured for low-latency HARQ-ACK feedback or low-latency SR and/or configured higher-priority PUSCH resources.
· Proposal 4: The transmission occasion of the enhanced PUSCH opportunistically includes the symbols which overlap in time with the configured higher-priority PUCCH and/or PUSCH resource by transmitting the additional channel bits on the time-overlapped PUSCH symbols.

· Proposal 5: Support determining a TBS for the enhanced PUSCH, based on durations of transmission occasions of the enhanced PUSCH.   
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