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Introduction
In RAN1 previous meetings, some agreements and conclusions were made as shown in Annex [1], [2]. There are still remaining issues on enhancement to URLLC PUSCH and we show our views in this contribution.
[bookmark: OLE_LINK1]Discussions
Interaction of enhanced PUSCH with DL/UL direction
In previous meetings, some options for interaction of Rel-16 PUSCH with DL/UL direction were proposed as following:
	· For DG PUSCH
· 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 1-3: 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 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 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 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 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 DG PUSCH, pros/cons for each option is as following:
	
	Pros
	Cons

	Option 1-1
(all semi-static flexible symbols are available)
	· simple implementation
· more transmission opportunity for URLLC PUSCH
· no need to use GC-PDCCH for Rel-16 URLLC
	· less transmission opportunity for DL transmission (especially for URLLC)
· dismiss benefit of dynamic SFI from UEs in a cell

	Option 1-3
(available symbols are indicated by UL grant)
	· high resource utilization efficiency obtained by dynamic indication of available symbols and segmentation
· no need to use GC-PDCCH for Rel-16 URLLC
	· DCI overhead increase (especially on DCI format 0_2)
· new RRC parameters may be required for the combination of DCI+RRC indication

	Option 2-1
(dynamic DL/flexible symbols are not available)
	· high resource utilization efficiency obtained by dynamic indication of available symbols and segmentation
· more transmission opportunity for both DL transmission and UL transmission
	· available number of symbols depend on whether dynamic SFI (GC-PDCCH) is detected or not

	Option 2-4
(A repetition conflicting with dynamic DL/flexible symbols is not transmitted)
	· less spec impact by using same principle with Rel-15
	· available number of symbols depend on whether dynamic SFI (GC-PDCCH) is detected or not
· lower resource utilization efficiency than option 2-1 by not using segmentation for dynamic DL symbols



For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, pros/cons for each option is as following:
	
	Pros
	Cons

	Option 1-2
(only semi-static UL symbols are available)
	· simple implementation with less spec impact
· no need to use GC-PDCCH for Rel-16 URLLC 
	· less transmission opportunity for PUSCH

	Option 2-1
(dynamic DL/flexible symbols are not available)
	· high resource utilization efficiency obtained by dynamic indication of available symbols and segmentation
· more transmission opportunity for both DL transmission and UL transmission
	· available number of symbols depend on whether dynamic SFI (GC-PDCCH) is detected or not

	Option 2-4
(A repetition conflicting with dynamic DL/flexible symbols is not transmitted)
	· less spec impact by using same principle with Rel-15
	· available number of symbols depend on whether dynamic SFI (GC-PDCCH) is detected or not
· lower resource utilization efficiency than option 2-1 by not using segmentation for dynamic DL symbols



Option 1-1
If some resources on semi-static flexible symbols are already allocated for DL transmission, a gNB has to avoid allocating PUSCH around the resources. For example, if PDSCH/CSI-RS on semi-static flexible symbols is configured by higher layer for another UE, the scheduling flexibility of PUSCH repetition is quite limited. For the resources reserved for Rel-16 URLLC PUSCH, semi-static flexible symbols should not be used but semi-static UL symbols should be used.
Observation 1:
· Considering the scheduling flexibility and fairness for both DL transmission and Rel-16 PUSCH repetition, the occupation of semi-static flexible symbols by Rel-16 PUSCH repetition should be avoided since Rel-16 PUSCH repetition may cause long term symbol occupation.
Option 1-2
The transmission opportunity for PUSCH repetition is quite limited. The opportunity is same as the case of “If dynamic SFI is configured and not received” in option 2. Therefore, to improve resource utilization, at least dynamic UL symbols should be used for the PUSCH repetition.
Option 1-3
It may work if the overhead of DCI format is allowed. However, to support all slot format combinations by the UL grant, it requires maximum 9 bits and it may impact the reliability of the UL grant.
Option 2
Main issue is the reliability to detect dynamic SFI. However, in Rel-15, there is a definition for the case of “If dynamic SFI is configured and not received”. In this case, a repetition is not transmitted if the repetition conflicts with a semi-static DL/flexible symbol. Therefore, same principle can be adopted in Rel-16 URLLC and dynamic UL symbols are used for a repetition if dynamic SFI is received. Moreover, option 2 allows same principle for both DG PUSCH and CG PUSCH. Therefore, we prefer option 2 for both DG PUSCH and CG PUSCH.
Between option 2-1 and option 2-4, the difference is whether partial dropping (i.e. segmentation) or full dropping of a repetition is applied in case of collision with dynamic DL/flexible symbols. Unlike in case of “If dynamic SFI is configured and not received”, there is no misalignment between a gNB and a UE, partial dropping increases the number of available symbols for the repetition. Therefore, from reliability perspective, we prefer option 2-1 for both DG PUSCH and CG PUSCH.
Proposal 1:
· For DG PUSCH,
· option 2-1 (Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols) is applied
· For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant,
· option 2-1 (Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols) is applied
Collision between PUSCH repetition and dynamic DL transmission on semi-static flexible symbols
In RAN1#98bis, it was agreed that semi-static flexible symbols are available for PUSCH if dynamic SFI is not configured. However, the operation for the case of collision between PUSCH and dynamic DL transmission on semi-static flexible symbols has kept as FFS [2]. 
	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



Our understanding of the Rel-15 behavior is as below:
	· For CG PUSCH
· if a PUSCH conflicts with dynamic DL transmission on semi-static flexible symbols, the PUSCH is not transmitted
· no conflict with semi-static DL transmission on semi-static flexible symbols is expected
· For DG PUSCH, 
· no conflict with dynamic DL transmission on semi-static flexible symbols is expected
· if a PUSCH conflicts with semi-static DL transmission on semi-static flexible symbols, the PUSCH is transmitted



As shown as above, in Rel-15, CG PUSCH is dropped in case that the PUSCH conflicts with dynamic DL transmission. This rule is same as the case of CG PUSCH conflicting with dynamic DL symbols. Based on this principle, in Rel-16, a dynamic DL scheduling over Rel16 CG PUSCH transmission scheduling on semi-static flexible symbols should be allowed and some dropping rule should be applied between CG PUSCH conflicting with dynamic DL transmission.
On the other hand, in Rel-15, the collision between DG PUSCH and dynamic DL transmission is not expected since gNB can avoid the collision by scheduling. However, in Rel-16, the duration of PUSCH repetition can be longer than a slot and multi-segmentation for the collision case with DL symbols is applied. Therefore, even for DG PUSCH, to increase scheduling flexibility, overlapping scheduling between a PUSCH and dynamic DL transmission should be allowed.
Proposal 2:
· A dynamic DL scheduling over Rel16 CG PUSCH transmission scheduling on semi-static flexible symbols is allowed
· A dynamic DL scheduling over Rel16 DG PUSCH transmission scheduling on semi-static flexible symbols is allowed
TBS determination
In previous meeting, several TBS determination mechanisms were proposed. Based on Rel-15 TBS determination principle, our slight preference is the determination based on nominal duration (i.e. signaled L in DCI) which equals to the longest duration among all repetitions.
Proposal 3:
· TBS is determined based on L signaled in DCI

DMRS
In RAN1#96bis, following was proposed [3]:
	Proposals:
For option 4, when one nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary,
· For front-loaded-only DMRS, DMRS is transmitted at the beginning of each repetition.
· FFS the case when additional DMRS is configured for the transmission
· FFS whether it is handled differently when there is only one symbol in the repetition
Discuss till next meeting (also consider type A vs. type B DM-RS aspects)




In current 38.211, the mapping of front-loaded DMRS and additional DMRS is defined by Table 6.4.1.1.3-3 and 6.4.1.1.3-4. In these table,  is defined as “relative to the start of the scheduled PUSCH resources if frequency hopping is disabled and relative to the start of each hop in case frequency hopping is enabled” and  denotes “the duration of scheduled PUSCH resources for PUSCH mapping type B if intra-slot frequency hopping is not used, or the duration per hop according to Table 6.4.1.1.3-6 if intra-slot frequency hopping is used.” 
For Rel-16 PUSCH repetition, although same approach can be used, it is not clear whether the unit of “the scheduled PUSCH resource” is nominal duration of PUSCH (i.e. L indicated by TDRA) or actual duration of each repetition after segmentation (and dropping). Since we assume different repetition has different PUSCH, the position of DMRS should be determined per repetition. Therefore, same principle as Rel-15 should be applied with clarification of “the duration of scheduled PUSCH resources” is “the duration of actual PUSCH resources of each repetition” and with removal of “if intra-slot frequency hopping is not used.”
In addition, if intra-PUSCH hopping is applied, same operation can be applied with the case of intra-slot frequency hopping (i.e. operation per hop).
Proposal 4:
· The mapping of front-loaded DMRS and additional DMRS follows current spec definition with clarification of following:
· 
 is defined relative to the start of the actual PUSCH resources of each repetition 
·  is the duration of actual PUSCH resources of each repetition for PUSCH mapping type B
· If intra-PUSCH frequency hopping is introduced, same principle with the case of intra-slot frequency hopping is applied
Frequency hopping
In RAN1#96bis, support of frequency hopping was agreed though the detail is still FFS [2]. From previous discussion, we assume that introduction of inter-PUSCH frequency hopping up to 2 hops and inter-slot frequency hopping should be agreed.
Regarding intra-PUSCH frequency hopping, it is not necessary if inter-PUSCH frequency hopping is performed. However, for the case of multi-segment transmission without mini-slot level repetition (i.e. one repetition within a slot), inter-PUSCH frequency hopping doesn’t work. Therefore, if the frequency hopping within a slot is required from performance perspective, the introduction of intra-PUSCH frequency hopping or application of Rel-15 intra-slot frequency hopping for the case of Rel-16 PUSCH repetition should be considered.
Proposal 5:
· At least, inter-slot hopping and inter-PUSCH hopping are applied
· FFS: intra-PUSCH hopping 

Conclusion
In this contribution, we have following observations and conclusions
Observation 1:
· Considering the scheduling flexibility and fairness for both DL transmission and Rel-16 PUSCH repetition, the occupation of semi-static flexible symbols by Rel-16 PUSCH repetition should be avoided since Rel-16 PUSCH repetition may cause long term symbol occupation.
Proposal 1:
· For DG PUSCH,
· option 2-1 (Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols) is applied
· For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant,
· option 2-1 (Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols) is applied
Proposal 2:
· A dynamic DL scheduling over Rel16 CG PUSCH transmission scheduling on semi-static flexible symbols is allowed
· A dynamic DL scheduling over Rel16 DG PUSCH transmission scheduling on semi-static flexible symbols is allowed
Proposal 3:
· TBS is determined based on L signaled in DCI
Proposal 4:
· The mapping of front-loaded DMRS and additional DMRS follows current spec definition with clarification of following:
· 
 is defined relative to the start of the actual PUSCH resources of each repetition 
·  is the duration of actual PUSCH resources of each repetition for PUSCH mapping type B
· If intra-PUSCH frequency hopping is introduced, same principle with the case of intra-slot frequency hopping is applied
Proposal 5:
· At least, inter-slot hopping and inter-PUSCH hopping are applied
· FFS: intra-PUSCH hopping
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Annex
Agreements on RAN1#98
	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


Agreements on 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.
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
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