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[bookmark: _Ref513464071]Introduction
This contribution discusses the following issues related to PUSCH enhancements:
· Handling of orphan symbols
· Interaction of enhanced PUSCH with DL/UL direction
· Collision with other signals (SRS/PUCCH/other PUSCH)
Handling of orphan symbols
Previous agreement for Option 4 states: 
if a "nominal" repetition goes across the slot boundary or DL/UL switching point, this "nominal" repetition is split into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot.
There could be scenarios where a “split” PUSCH repetition consists of a single symbol that would carry e.g. a front-loaded DMRS. In such case transmitting for this repetition may bring very limited benefit, but cause interference. For this reason, we propose that the UE skips this repetition.
Proposal 1: The UE does not transmit a repetition consisting of a single symbol (“orphan symbol”).
Interaction of enhanced PUSCH with DL/UL direction
In RAN1#98, RAN1 agreed to consider a set of options to handle the interaction of enhanced PUSCH with DL/UL directions (slot format) when dynamic SFI is configured. In RAN1#98bis, RAN1 agreed to narrow down the set of options to {Option 1-1, Option 1-3, Option 2-1, Option 2-4} for dynamic grant and {Option 1-2, Option 2-1, Option 2-4} for configured grant.
A first issue is whether the UE should use information from the dynamic SFI to determine valid symbols for transmission (Option 1 vs Option 2). 
In R15, a group-common DCI carries the dynamic SFI. If the UE fails to receive the DCI carrying SFI, this may affect transmission of PUSCH by configured grant but not by dynamic grant. The UE does not perform an unexpected transmission as a result of failing to receive SFI.
Given that the main purpose of enhanced PUSCH is to guarantee high reliability and low latency, it seems better to not introduce an independent source of error by utilizing the dynamic SFI carried on a separate DCI. This should apply to enhanced PUSCH scheduled by dynamic grant as well as enhanced PUSCH by configured grant.
Proposal 2: Enhanced PUSCH scheduled by dynamic grant does not depend on SFI in DCI format 2_0 (Option 1).
Proposal 3: Enhanced PUSCH transmission by configured grant does not depend on SFI in DCI format 2_0 (Option 1).
For the case of dynamic grant, the remaining options after RAN1#98bis are:
Option 1-1: Semi-static flexible symbols are used for PUSCH. A potential drawback with this option is that when the network schedules the enhanced PUSCH, subsequent flexible symbols are constrained to be for uplink transmissions and latency-critical downlink transmissions may be delayed.
Option 1-3: Dynamic indication in UL grant on which set of semi-static flexible symbols are used for PUSCH. This option offers the most flexibility. To minimize the overhead, the TDRA field can provide the dynamic indication of the set of semi-static flexible symbols used for PUSCH (e.g. using SFI value), jointly with other parameters.
Proposal 4: For dynamic grant, DCI indicates which set of semi-static flexible symbols is used of PUSCH (Option 1-3).
For the case of configured grant, the remaining option within Option 1, after RAN1#98bis, is Option 1-2.
Proposal 5: For configured grant, semi-static downlink/flexible symbols are not used for PUSCH (Option 1-2).
Collision with other signals 
The UE may need to avoid other important signals from other UEs and from itself during it PUSCH transmission. To avoid signals such as the SRS, PUCCH, PUSCH from the same or other UEs, the gNB could signal resources that the UE should avoid. The UE could rate match around these resources or puncture its transmission that coincides with these resources. The signaling could be like the mechanism to avoid reserved resources for PDSCH in R15.
Proposal 6: DCI indicates resources that need to be avoided during PUSCH repetition.
Conclusion
In this contribution, we provided our views on the PUSCH enhancements for eURLLC. Our proposals are as follows:
Proposal 1: The UE does not transmit a repetition consisting of a single symbol (“orphan symbol”).
Proposal 2: Enhanced PUSCH scheduled by dynamic grant does not depend on SFI in DCI format 2_0 (Option 1).
Proposal 3: Enhanced PUSCH transmission by configured grant does not depend on SFI in DCI format 2_0 (Option 1).
Proposal 4: For dynamic grant, DCI indicates which set of semi-static flexible symbols is used of PUSCH (Option 1-3).
Proposal 5: For configured grant, semi-static downlink/flexible symbols are not used for PUSCH (Option 1-2).
Proposal 6: DCI indicates resources that need to be avoided during PUSCH repetition.
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Appendix
Agreements from RAN1#97:
Agreements:
· Adopt option 4 with the following update:
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition.
· FFS the detailed interaction with the procedure of UL/DL direction determination

TR38.824 [1]
[bookmark: _Toc4526255]6.3.3	Option 4
[bookmark: OLE_LINK15]One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH. It further consists of:
-	The number of the repetitions signalled by gNB represents the "nominal" number of repetitions. The actual number of repetitions can be larger than the nominal number.
-	FFS dynamically or semi-statically signalled for dynamic PUSCH and type 2 configured grant PUSCH
-	The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first "nominal" repetition. 
-	The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
-	FFS the detailed interaction with the procedure of UL/DL direction determination
-	If a "nominal" repetition goes across the slot boundary or DL/UL switching point, this "nominal" repetition is splitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot.
-	Handling of the repetitions under some conditions, e.g., when the duration is too small due to splitting, is to be further investigated in the WI phase.
-	No DMRS sharing across multiple PUSCH repetitions
-	The maximum TBS size is not increased compared to Rel-15.
-	FFS: L > 14
-	S+L can be larger than 14
-	FFS: The bitwidth for TDRA is up to 4 bits.
-	Note: different repetitions may have the same or different RV.
Agreements from RAN1#98:
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.
· [bookmark: _Hlk21161497]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

Agreements from RAN1#98bis:
Agreements:
· Do not support PUSCH mapping type A for Option 4.

R1-1911631
Agreements:
· Rel-16 enhanced PUSCH scheme (including dynamic indication of the number of repetitions) is supported for DCI format 0_1 and new UL DCI format (for DG and type 2 CG).
· Rel-16 enhanced PUSCH scheme is not supported for DCI format 0_0 for DG and type 2 CG

Agreements:
For the dynamic indication of the number of repetitions for dynamic grant:
· Jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table 
· The maximum TDRA table size is increased to 64
· No other spec impact is expected
Agreements:
· Support dynamic indication of the number of repetitions for Rel-15 PUSCH with slot aggregation using DCI formats 0_1 & the new UL DCI format
· The dynamic indication is done by using the same Rel-16 mechanism (Jointly coding the number of repetitions with SLIV in TDRA table)


Agreements:
For frequency hopping for Rel-16 PUSCH, the number of actual hopping locations in frequency is 2.

Agreements:
In case frequency hopping is enabled for Rel-16 PUSCH, to determine the frequency locations of the two hops, reuse Rel-15 RRC parameters and equations for format 0_1, and introduce new RRC parameters (same as those of Rel-15) for new DCI UL format. 
· FFS time domain hopping pattern
Agreements:
In terms of how to interpret L and K for Rel-16 PUSCH transmissions (for both DG & CG), Alt. 1 is adopted. 
· That is, for the Rel-16 PUSCH with enhanced repetition transmission, the time window within which valid symbols are used for transmission is L*K, starting from the first symbol indicated by the SLIV in TDRA field.

[bookmark: _Hlk24016570]R1-1911701
Conclusion:
Definitions:
· “Rel-16 PUSCH transmission scheme”: Option 4
· “Rel-15 PUSCH transmission scheme”: the transmission is done according to Rel-15 behavior, either with or without slot aggregation. With slot aggregation, the number of repetitions can be either semi-statically configured (as in Rel-15) or dynamically indicated (as agreed for Rel-16).

Agreements:
For DG and retransmission of CG, introduce one RRC parameter for each of the DCI format 0_1 and the new UL DCI format, to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
· FFS: whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously 
For Type 1 CG, introduce an RRC parameter per CG configuration to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.

Agreements:
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:
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.

Agreements:
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:
· For both DG and CG with “Rel-16 PUSCH transmission scheme”, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs at least around semi-static DL symbols.
· FFS segmentation also around dynamically indicated invalid symbols for UL transmissions in the UL grant (if supported for DG and/or Type 2 CG) and/or semi-statically configured invalid symbols for UL transmissions (if supported)
· FFS how to handle the conflict with dynamic DL transmission for CG

