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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#99 meeting, PUSCH enhancement for URLLC are discussed. Some agreements are achieved as following [1]:

Agreements:
For PUSCH repetition type B, support the following frequency hopping:
· Inter-PUSCH-repetition FH
· Details FFS
· Inter-slot FH
· FFS Intra-PUSCH-repetition FH
Agreement
For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, segmentation occurs at least around semi-static DL symbols, which results in actual repetitions.
· If dynamic SFI is received for the entire duration of an actual repetition, an actual repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol.
· If dynamic SFI is not received for at least one symbol of an actual repetition, an actual repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· FFS the handling of semi-statically configured invalid symbols for PUSCH repetition type B transmissions (if supported)

In this contribution, we share our views on PUSCH enhancements for URLLC.
2. Discussion on PUSCH repetitions
2.1 Conflict handling with non-available symbol(s)   
In Rel-15, 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 UL channel or signals in the conflict set of symbols or slot. 
The same rule can be reused for PUSCH repetition Type B. When a set of symbols of a repetition is conflict with the symbols indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, the set of symbols of the repetition are not used for PUSCH transmission. If there are remaining symbols, they are considered as potentially valid symbols for PUSCH repetition Type B transmission. 
[bookmark: _Ref20931160][bookmark: _Ref23775927]Proposal 1: For DG and CG with PUSCH repetition Type B, a set of symbol that is indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, is considered as an invalid symbol for PUSCH repetition Type B transmission.
[bookmark: _Ref20235943][bookmark: _Hlk32403422]In Rel-15, for single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than N symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where N=2 for µ=0 or µ=1, N=4 for µ=2 or µ=3, and µ is the SCS configuration for the active UL BWP. It is up to UE implementation to transmit PUSCH or PRACH.
In case of PUSCH repetition Type B, an actual repetition may be located in the same slot as PRACH, or with a gap between PRACH and the actual repetition less than N symbols. In that case, similar mechanism as the handling of collision between PRACH and PUSCH in a same slot or with a gap less than N symbols, which is defined in Rel.15, can be reused. If collision occurs between the actual repetitions of PUSCH repetition Type B transmission and PRACH occasions, the handling of conflict bases on UE implementation. 
[bookmark: _Ref20931167]Proposal 2: It is up to UE implementation to handle the conflict between PUSCH repetition Type B transmission and PRACH transmission, when PRACH and an actual repetition of PUSCH repetition Type B in a same slot or when a gap between a PRACH transmission and the actual repetition is less than N symbols where N=2 for µ=0 or µ=1, N=4 for µ=2 or µ=3, and µ is the SCS configuration for the active UL BWP.
In RAN1#99, for DG PUSCH, RRC parameters are introduced for invalid symbols indication. A symbol level bitmap spanning one or two slots can be configured by higher layer parameter InvalidSymbolPattern. The invalid symbol pattern can be enabled or disabled dynamically in a DCI format scheduling a DG PUSCH, if the corresponding indication field is configured for the DCI format. 
For type 2 CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, the invalid symbol pattern invalid configured by InvalidSymbolPattern can also be applied, i.e. the RRC parameter InvalidSymbolPattern is reused for type 2 CG PUSCH. Same mechanism for the application of the invalid symbol pattern for DG PUSCH can be adopted for type 2 CG PUSCH with PUSCH repetition type B. If the invalid symbol pattern indicator is configured in the DCI format for activation of type 2 CG PUSCH, the invalid symbol pattern can be applied as indicated by the activation DCI.
For indicating the invalid symbol pattern for type 1 CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, a new RRC parameter for type 1 CG can be introduced or the existing RRC parameter InvalidSymbolPattern for DG PUSCH can be reused. If the invalid symbol pattern is configured by RRC, the UE applies the invalid symbol pattern for type 1 CG PUSCH with PUSCH repetition type B.
Proposal 3: If dynamic SFI is configured,
· For type 2 CG PUSCH with PUSCH repetition type B, the invalid symbol pattern configured by InvalidSymbolPattern is reused for type 2 CG PUSCH. The invalid symbol pattern is applied or not, as indicated by a DCI format for activation of type 2 CG PUSCH if invalid symbol pattern indicator is configured in the DCI format.
· For type 1 CG PUSCH with PUSCH repetition type B, the existing RRC parameter InvalidSymbolPattern for DG PUSCH can be reused. If the invalid symbol pattern is configured by RRC, the UE applies the invalid symbol pattern for type 1 CG PUSCH with PUSCH repetition type B.
[bookmark: _Hlk32417914]For type 1 and type 2 CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured and if invalid symbol pattern is applied, segmentation occurs around semi-static DL symbols and invalid symbols, which results in actual repetitions.
· If dynamic SFI is received for the entire duration of an actual repetition, an actual repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol and invalid symbols.
· If dynamic SFI is not received for at least one symbol of an actual repetition, an actual repetition is not transmitted if it conflicts with a semi-static flexible symbol and invalid symbols.
Proposal 4: For type 1 and type 2 CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured and if invalid symbol pattern is applied, segmentation occurs around semi-static DL symbols and invalid symbols, which results in actual repetitions.
· If dynamic SFI is received for the entire duration of an actual repetition, an actual repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol and invalid symbols.
· If dynamic SFI is not received for at least one symbol of an actual repetition, an actual repetition is not transmitted if it conflicts with a semi-static flexible symbol and invalid symbols.
2.2 Orphan symbols
[bookmark: _Hlk32418723]After segmentation, a partition with the limited symbol(s), i.e. orphan symbol(s), may not be available for an actual PUSCH transmission due to DMRS symbols transmission. For example, for DFT-S-OFDM waveforms, two symbols are the least unit in the case of single DMRS symbols configuration. When there is only one symbol for an actual repetition after splitting, orphan symbol occurs. For CP-OFDM waveform, although PUSCH can be transmitted in the orphan symbol other than DMRS REs, the code rate for data would be such high that the performance may be decreased. Therefore, for DG PUSCH repetition, gNB scheduling should avoid the occurrence of orphan symbol. For CG PUSCH repetition, the appropriate configuration should be configured by gNB to avoid the orphan symbol. If orphan symbol(s) would occur, it will be treated as error case by UE. 
Proposal 5: UE is not expected occurrence of orphan symbol(s) at least for DFT-S-OFDM for DG and CG PUSCH with PUSCH repetition type B.
· in case of single DMRS symbol configuration, a partition with one symbol is regarded as orphan symbol.
· in case of two DMRS symbols configuration, a partition with one or two symbols is regarded as orphan symbol(s).
2.3 Frequency hopping for PUSCH repetitions
In the latest RAN1# meeting, Inter-PUSCH-repetition FH and Inter-slot FH have been supported. The details are FFS, for example, the hopping point determination.
For Inter-slot FH, slot boundary as the hopping point can be adopted which is similar to Rel-15.
For Inter-PUSCH-repetition FH, hopping point determination can base on the number of repetitions, e.g. the number of nominal or actual repetitions. The first hop can include floor (N/2) or ceil (N/2) repetition transmissions, in which N can express the number of nominal or actual repetitions. If N is the number of nominal repetitions, the hopping point is almost at the middle of all nominal PUSCH repetitions, which is not affected by segmentation. From this perspective, the hopping point determination based on the number of nominal repetitions is preferred.
Proposal 6: For Inter-PUSCH-repetition FH, hopping point determination can base on the number of nominal repetitions.
For intra-PUSCH frequency hopping, the additional DMRS is required in each hop. The DMRS overhead brings the loss of coding gain especially for the short PUSCH length. Thus, intra-PUSCH frequency hopping is not preferred.
[bookmark: _Ref20237236]Proposal 7: Intra-PUSCH-repetition FH is not preferred.
3. Conclusion
In the contribution, we have some investigations on URLLC PUSCH enhancement, and propose that,
Proposal 1: For DG and CG with PUSCH repetition Type B, a set of symbol that is indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, is considered as an invalid symbol for PUSCH repetition Type B transmission.
Proposal 2: It is up to UE implementation to handle the conflict between PUSCH repetition Type B transmission and PRACH transmission, when PRACH and an actual repetition of PUSCH repetition Type B in a same slot or when a gap between a PRACH transmission and the actual repetition is less than N symbols where N=2 for µ=0 or µ=1, N=4 for µ=2 or µ=3, and µ is the SCS configuration for the active UL BWP.
Proposal 3: If dynamic SFI is configured,
· For type 2 CG PUSCH with PUSCH repetition type B, the invalid symbol pattern configured by InvalidSymbolPattern is reused for type 2 CG PUSCH. The invalid symbol pattern is applied or not, as indicated by a DCI format for activation of type 2 CG PUSCH if invalid symbol pattern indicator is configured in the DCI format.
· For type 1 CG PUSCH with PUSCH repetition type B, the existing RRC parameter InvalidSymbolPattern for DG PUSCH can be reused. If the invalid symbol pattern is configured by RRC, the UE applies the invalid symbol pattern for type 1 CG PUSCH with PUSCH repetition type B.
[bookmark: _GoBack]Proposal 4: For type 1 and type 2 CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured and if invalid symbol pattern is applied, segmentation occurs around semi-static DL symbols and invalid symbols, which results in actual repetitions.
· If dynamic SFI is received for the entire duration of an actual repetition, an actual repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol and invalid symbols.
· If dynamic SFI is not received for at least one symbol of an actual repetition, an actual repetition is not transmitted if it conflicts with a semi-static flexible symbol and invalid symbols.
Proposal 5: UE is not expected occurrence of orphan symbol(s) at least for DFT-S-OFDM for DG and CG PUSCH with PUSCH repetition type B.
· in case of single DMRS symbol configuration, a partition with one symbol is regarded as orphan symbol.
· in case of two DMRS symbols configuration, a partition with one or two symbols is regarded as orphan symbol(s).
Proposal 6: For Inter-PUSCH-repetition FH, hopping point determination can base on the number of nominal repetitions.
Proposal 7: Intra-PUSCH-repetition FH is not preferred.
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