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Introduction
[bookmark: _Hlk22834419]This contribution discusses aspects related to enhancements for PUSCH repetition type A. 
Maximum number of repetitions
numberOfRepetitions
Allowing a larger number of repetitions is useful in situation of extreme coverage limitation when short latency is not required, and it provides additional flexibility to scheduling as different BLERs can be targeted. A value of 16 for PUSCH repetition Type A is supported in Rel-16 and the number of repetitions is provided by the TDRA table. 
In RAN1#105-e it was agreed that in addition to the values of {1, 2, 3, 4, 7, 8, 12, 16} that are supported in Rel-16 for the number of repetitions, {20, 24, 28, 32} are supported in Rel-17. One option would be that the parameter number of repetitions includes all 12 values requiring then 4 bits instead of the 3 bits needed for Rel-16 parameter. Another option is to keep the number of values as in Rel-16 equal to 8, and have {1, 2, 4, 8, 16, 24, 28, 32}, which offers sufficient granularity for a gNB to schedule repetitions. Additionally, there will not be a need to increase the number of bits of this parameter. 
Whether 8 or 12 values are used for number of repetitions in Rel-17, a TDRA table would need to be modified to allow more and/or different values for the entry of number of repetitions in the table, but the size of the TDRA table can remain unchanged (same number of rows). In this way the TDRA field in the DCI format scheduling the PUSCH does not need to be modified.  

Proposal 1: For PUSCH repetition Type A, the size of a TDRA table that supports the Rel-17 values for number of repetitions is unchanged.

Proposal 2: For PUSCH repetition Type A, the size of a number of repetition parameter for DCI format 0_1/0_2 supported in Rel-17 is 8.


pusch-AggregationFactor 
For PUSCH repetition Type A when the number of repetitions is not provided by the TDRA table configuration and the UE is configured with pusch-AggregationFactor, the number of repetitions is equal to the configured value for pusch-AggregationFactor, which can have 3 values {n2, n4, n8}. Given that numberOfRepetitions-r16 is agreed to include an increased maximum number of repetitions, there is no reason not to increase that value when provided by pusch-AggregationFactor. This would also substantially simplify the needed changes in the specifications.  
Thus, consistently with the agreed increase of numbers of repetitions for the parameter numberOfRepetitions-r16, it is proposed to introduce larger values for pusch-AggregationFactor. Given that 3 values are supported in Rel-16, at least a 4th value should be introduced, for example n16 or n32. 

Proposal 3: For PUSCH repetition Type A, the configured maximum number of repetitions in pusch-AggregationFactor is increased to at least 16.


repK
Similar considerations apply to the parameter repK. For PUSCH transmissions with configured grant, when the number of repetitions is not present in the TDRA table, it is provided by the higher layer configured parameter repK. Since larger values for the number of repetitions provided in the TDRA table are introduced, the values in repK should also be revised to include larger values. 

Proposal 4: For PUSCH repetition Type A, the configured maximum number of repetitions in repK is increased to at least 16. 


Maximum number of repetitions for FDD/TDD/SUL
Whether a same maximum number of repetitions should be used in the different cases below was discussed in RAN1#104-e [2].
· Case 1: FDD or SUL
· Case 2: TDD with the contiguous-slot-based counting
· Case 3: TDD with the available-slot-based counting
A same maximum number of repetitions for case 2 and case 3 could be an unnecessarily large value for case 3, and it would make sense to have a same value for cases 1 and 3 and a different value for case 2. However, the specification simplicity of having a same number for all cases should also be considered as no material drawback is identified. 

Proposal 5: A same maximum number of repetitions for transmission of PUSCH repetition Type A is defined at least for case 1 and case 3. It is preferable to have a same maximum number for all cases.
Available slots for PUSCH repetitions
In Rel-16, the number of Type A PUSCH repetitions N corresponds to the number of consecutive slots where the UE transmits the PUSCH. The actual number of PUSCH repetitions can be less than N when any of the scheduled slots is not available for the PUSCH transmission in which case the UE drops the PUSCH repetition. When the number of PUSCH repetitions N can be interpreted as the number of non-consecutive slots over which the UE transmits the PUSCH, as is the case for the PUCCH, the actual number of PUSCH repetitions can be N even when some slots are not available for PUSCH repetitions in which case the UE postpones the PUSCH repetition. 

Determination of an available slot
The following was agreed in RAN1#105-e [1].
	Agreement:
Select one from the following (further refinement of the alternatives can be further discussed), for the procedure of Rel-17 PUSCH repetition Type A (other alternatives are not precluded)
· Alt 1-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.

· Alt 1-B’ consisting of two steps
· Step 1: Determine K repetitions based on available slots, where the available slot is the UL slot and flexible slot indicated by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.
· FFS: handling of dynamic signaling (e.g. UL CI, DCI for high priority channel), e.g., UE without CI capability

· Alt 2-A consisting of a single step
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) and dynamic signaling (e.g. SFI, UL CI, DCI for high priority channel) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI

· Alt 2-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) and dynamic SFI in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· FFS timeline for the dynamic signalling
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.




The determination of available slots can be based on the UL/DL TDD configuration provided by RRC or (when applicable) on the one provided by DCI as for example SFI, UL CI or UL grant scheduling low latency PUSCH. When the counting of number of repetitions is based on available slots determined by the UL/DL TDD configuration provided by RRC, if a repetition cannot be transmitted in any of the available slots due to a dynamic signaling (SFI, UL CI or UL grant scheduling low latency PUSCH), the counting is not affected. If counting were affected by dynamic signaling instead, the reliability/coverage of the PUSCH transmission as intended by gNB scheduling would be guaranteed because the indicated number of repetitions by the gNB would be equal to the actual number of repetitions. To increase the probability that a number of repetitions are actually transmitted, a gNB has to schedule a larger number of repetitions considering that the actual number of repetitions may be less than the scheduled value. 

Observation 1: The basic question is whether the determination of available slots can be based on the UL/DL TDD configuration provided by RRC or (when applicable) on the one provided by DCI.

Observation 2: When a counting of PUSCH repetitions based on available slots is not affected by a canceled transmission due to a dynamic indication (e.g., SFI, UL CI or UL grant scheduling low latency PUSCH), the actual number of repetitions can be less than the scheduled number of repetitions, and PUSCH reliability and coverage can be degraded.  

Thus, the fundamental agreement on the counting of repetitions based on available slots that is needed to progress this AI is whether an available slot is affected by a dynamic signaling such as SFI, UL CI or UL grant scheduling low latency PUSCH. 

Proposal 6: Select one of the following alternatives
· Alt 1: A slot is determined as available for UL transmissions based on an RRC configuration (at least tdd_ul_dl configuration).
· Alt 2: A slot is determined as available for UL transmissions based on RRC configuration (at least tdd_ul_dl configuration) and, when applicable, on DCI (as for example SFI, UL CI, UL grant scheduling low latency PUSCH).


RRC configuration
The following was discussed in RAN1#104-e.
	In addition to tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated (agreed already), ssb-PositionsInBurst for SS/PBCH block is used for the determination of available slots.
· FFS: whether to use pdcch-ConfigSIB1 for a CORESET for Type0-PDCCH CSS.
· FFS: whether to use numberInvalidSymbolsForDL-UL-Switching.



 When there are symbols that have SS/PBCH blocks as configured by ssb-PositionsInBurst, or CORESET#0 as configured by pdcch-ConfigSIB1, such symbols would not be available for PUSCH transmission. In Rel-16 the parameter numberOfInvalidSymbolsForDL-UL-Switching indicates the number of symbols after the last semi-static DL symbol that are invalid symbols for PUSCH repetition Type B.  All three parameters should be considered for the determination of an available slot.

Proposal 7: RRC parameters ssb-PositionsInBurst for SS/PBCH block, pdcch-ConfigSIB1 for a CORESET for Type0-PDCCH CSS and numberInvalidSymbolsForDL-UL-Switching are used for determining whether a slot is available for PUSCH transmission with repetitions.


Postponement mechanism
The following was discussed in RAN1#104-e.
	Most of the companies share the views on postponement mechanism as the following:
· If a slot is determined as available for a scheduled PUSCH, the slot is counted in the PUSCH repetition. Otherwise, the slot is not counted in the PUSCH repetition and the repetition is postponed to the next slot.
· Adopt one of the following:
· Alt 1: The above step is repeated until the count reaches the configured/indicated number of repetitions.
· Alt 2: The above step is repeated until the count reaches the configured/indicated number of repetitions N, or until the duration of the PUSCH transmission is K slots and the count is not larger than N.
· Note: additional dropping on the actual repetitions is not precluded (See FL proposal 2-2a).



Postponing repetitions has the advantage that PUSCH is received with the required reliability because all repetitions are transmitted at the cost of additional latency and additional resources – but that is controlled by the network through the setting of K (e.g. for K=N, Alt.2 is same as Alt.1). The amount of postponed repetitions can be chosen as a trade-off between reliability and latency/resources for a PUSCH transmission. The maximum number of postponed slots should be specified and that can also bridge the two extremes of always dropping or always postponing (K=N means always drop, and K >> N means always postpone). 

Proposal 8: A PUSCH transmission scheduled in a non-available slot is postponed to a next available slot where the PUSCH transmission is counted – the postponement is done until the count reaches the configured/indicated number of repetitions N, or until the duration of the PUSCH transmission is K slots and the count is not larger than N (i.e., Support Alt.2). 
Conclusion
This contribution discusses the potential solutions and techniques for PUSCH coverage enhancement. The proposals and observations made in this contribution are summarized as below:

Maximum number of repetitions

Proposal 1: For PUSCH repetition Type A, the size of a TDRA table that supports the Rel-17 values for number of repetitions is unchanged.

Proposal 2: For PUSCH repetition Type A, the size of a number of repetition parameter for DCI format 0_1/0_2 supported in Rel-17 is 8.

Proposal 3: For PUSCH repetition Type A, the configured maximum number of repetitions in pusch-AggregationFactor is increased to at least 16.

Proposal 4: For PUSCH repetition Type A, the configured maximum number of repetitions in repK is increased to at least 16. 

Proposal 5: A same maximum number of repetitions for transmission of PUSCH repetition Type A is defined at least for case 1 and case 3. It is preferable to have a same maximum number for all cases.


Available slots

Observation 1: The basic question is whether the determination of available slots can be based on the UL/DL TDD configuration provided by RRC or (when applicable) on the one provided by DCI.

Observation 2: When a counting of PUSCH repetitions based on available slots is not affected by a canceled transmission due to a dynamic indication (e.g., SFI, UL CI or UL grant scheduling low latency PUSCH), the actual number of repetitions can be less than the scheduled number of repetitions, and PUSCH reliability and coverage can be degraded.  

Proposal 6: Select one of the following alternatives
· Alt 1: A slot is determined as available for UL transmissions based on an RRC configuration (at least tdd_ul_dl configuration).
· Alt 2: A slot is determined as available for UL transmissions based on RRC configuration (at least tdd_ul_dl configuration) and, when applicable, on DCI (as for example SFI, UL CI, UL grant scheduling low latency PUSCH).

Proposal 7: RRC parameters ssb-PositionsInBurst for SS/PBCH block, pdcch-ConfigSIB1 for a CORESET for Type0-PDCCH CSS and numberInvalidSymbolsForDL-UL-Switching are used for determining whether a slot is available for PUSCH transmission with repetitions.

Proposal 8: A PUSCH transmission scheduled in a non-available slot is postponed to a next available slot where the PUSCH transmission is counted – the postponement is done until the count reaches the configured/indicated number of repetitions N, or until the duration of the PUSCH transmission is K slots and the count is not larger than N (i.e., Support Alt.2). 
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