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Introduction
[bookmark: OLE_LINK24]In RAN1 #96 meeting, three options (option 4, option 5 and option 6) proposed to make a compromised option between mini-slot repetition and multi-segment transmission were approved [1]. However, in RAN1 #96bis meeting, it was agreed that option 5 is not considered further as part of PUSCH enhancement [2]. In RAN1 #97 meeting, option 6 was also precluded [3]. Therefore, PUSCH is enhanced according to mechanism of option 4. In this contribution, we would like to share our views on PUSCH enhancement.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Agreements related to PUSCH enhancements were listed as follows.
[bookmark: OLE_LINK20][bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK60]Agreements [1]
[bookmark: OLE_LINK59]Option 4:
No DMRS sharing across multiple PUSCH repetitions
[bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK8]Agreements [2]
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.
· FFS the exact signaling method
· FFS the exact DCI format(s)
· FFS the exact mechanism to enable or disable
· FFS the DCI activating type 2 configured grant PUSCH
[bookmark: OLE_LINK13][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Agreements [4]
For Type 2 CG, UE uses the PUSCH transmission scheme (“Rel-16 PUSCH transmission scheme” or “Rel-15 PUSCH transmission scheme”) associated with the activating DCI format.
Agreements [4]
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-4 is not further considered for both DG and CG
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-2 is not further considered for DG.
[bookmark: OLE_LINK349][bookmark: OLE_LINK350][bookmark: OLE_LINK351]Agreements [4]
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 2-2 and 2-3 is not further considered for DG.
Agreements [4]
[bookmark: OLE_LINK352][bookmark: OLE_LINK353][bookmark: OLE_LINK356][bookmark: OLE_LINK357][bookmark: OLE_LINK358]Do not support PUSCH mapping type A for Option 4.
Discussion
[bookmark: OLE_LINK78][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK76][bookmark: OLE_LINK95][bookmark: OLE_LINK125][bookmark: OLE_LINK262][bookmark: OLE_LINK263][bookmark: OLE_LINK264][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK161][bookmark: OLE_LINK162]Interaction of enhanced PUSCH with DL/UL directions
In RAN1 #98 meeting, some options for how to handle the transmission of enhanced PUSCH repetitions in different cases with variable DL/UL direction changes are concluded for clarification as shown in the ‘Appendix’ part. In RAN1 #98bis meeting, some options are further precluded. For both DG and CG PUSCH, if dynamic SFI is not configured, it was agreed that semi-static flexible symbols are used for PUSCH. Segmentation occurs at least around semi-static DL symbols. If dynamic SFI is configured, whether segmentation is dependent on dynamic SFI or not should also be decided. 
In general, the transmission of higher layer signaling is more reliable than that of physical signaling due to more protection mechanisms are adopted for higher layer signaling. Hence, compared with the dynamic SFI, it could be a common sense that the received ‘semi-static slot format configuration’ is more trustworthy. This is why we prefer that segmentation is not dependent on dynamic SFI. Accordingly, we propose that only semi-static DL and semi-static flexible symbols are considered in the segmentation. For both DG and CG PUSCH, segmentation shall occur around semi-static DL symbols. 
With regard to semi-static flexible symbols, for DG PUSCH, it is expected that semi-static flexible symbols can be used for PUSCH. Otherwise, latency might be issue in the case that multiple slots are semi-statically configured as flexible. Therefore, option 1-1 is more reasonable. As for error case issue, in Rel-15, UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window. Thus, we propose to reuse the conclusion of Rel-15 and option 1-1a is used for DG PUSCH.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 1: For DG PUSCH, option 1, option 1-1 and option 1-1a are adopted to handle the interaction of enhanced PUSCH with DL/UL directions.
For CG PUSCH, similar to DG PUSCH, we prefer that segmentation is not dependent on dynamic SFI. In terms of semi-static flexible symbols, if they are always used for CG PUSCH, the gNB can configure these symbols as UL in semi-static slot configuration. Therefore, for CG PUSCH, semi-static flexible symbols are not used for PUSCH transmission, and option 1-2 is more reasonable. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 2: For CG PUSCH, option 1 and option 1-2 are adopted to handle the interaction of enhanced PUSCH with DL/UL directions.
DMRS transmission for PUSCH mapping type B
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]In RAN1 #96 meeting, it was agreed that no DMRS sharing across multiple PUSCH repetitions for option 4. Therefore, each repetition shall have its own DMRS. Since current DMRS are designed for single-slot transmission specifically, it is hard to ensure that every repetition in option 4 has its own DMRS without further DMRS enhancement. In order to show the problem clearly, Figure 1 provides an example of DMRS transmission in PUSCH repetition with the configuration of mapping type B. In Figure 1, only 1 front-loaded DMRS symbol is configured, and it is transmitted at the beginning of the scheduled PUSCH resources. It can be seen that there is no DMRS in repetition 2.



Figure 1 DMRS transmission in PUSCH repetition with configuration of mapping type B

From this example, we can see that Rel-15 DMRS transmission cannot meet the existing agreement of PUSCH repetition, and DMRS enhancement is needed.
Observation 1: Rel-15 DMRS transmission cannot meet the existing agreement of PUSCH repetition,
· ‘No DMRS sharing across multiple PUSCH repetitions’
In RAN1 #98bis meeting, it was agreed that do not support PUSCH mapping type A for Option 4. For PUSCH mapping type B, in Rel-15, positions of front-loaded DMRS and additional DMRS both depend on duration of scheduled PUSCH resources and configuration of gNB. The first symbol of the scheduled PUSCH resources is always used for DMRS transmission. 
For Rel-16 PUSCH transmission scheme, the exact definition of ‘scheduled PUSCH resources’ for front-loaded/additional DRMS determination should be clarified. If the definition of ‘scheduled PUSCH resources’ are all repetitions for positioning DMRS, with Rel-15 DMRS determination method, some repetitions might not have its own DMRS (e.g., Repetition 2 in Figure 1). However, if scheduled resources of each repetition are used to determine DMRS positions, according to Rel-15 DMRS determination method, each repetition has at least one DMRS symbol. In order to ensure that each repetition has its own DMRS, we propose that each repetition can be seen as a scheduled PUSCH mapping type B to determine its DMRS positions.  
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 3: For Rel-16 PUSCH transmission scheme, each repetition can be seen as a scheduled PUSCH mapping type B to determine its DMRS positions.
Conclusion
In this contribution, PUSCH enhancements are discussed. Based on the discussion, we have the following proposals:
[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK71][bookmark: OLE_LINK72]Proposal 1: For DG PUSCH, option 1, option 1-1 and option 1-1a are adopted to handle the interaction of enhanced PUSCH with DL/UL directions.
Proposal 2: For CG PUSCH, option 1 and option 1-2 are adopted to handle the interaction of enhanced PUSCH with DL/UL directions.
Observation 1: Rel-15 DMRS transmission cannot meet the existing agreement of PUSCH repetition,
· ‘No DMRS sharing across multiple PUSCH repetitions’
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK67]Proposal 3: For Rel-16 PUSCH transmission scheme, each repetition can be seen as a scheduled PUSCH mapping type B to determine its DMRS positions.
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[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Appendix
Conclusion [5]
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
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