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Introduction
A work items on NR coverage enhancement was approved [1]. One of objectives of this work item is PUSCH enhancements such as
· Specify the following mechanisms for enhancements on PUSCH repetition Type A
· Increasing the maximum number of repetitions up to a number of determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH
· TBS determined based on multiple slots and transmitted over multiple slots.
· Specify mechanism(s) to enable joint channel estimation
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation
This document provides our view on potential enhancements related to PUSCH repetition Type A.
Discussion
Increase the maximum number of repetitions
For the enhancement of the already specified repetition techniques (i.e., PUSCH repetition Type A), one of issues is how to handle the cancellation of the repetition due to DL/UL collision for TDD. In Rel.15/16 repetition mechanism, the actual number of PUSCH repetition can be less than the nominal number of repetition due to the collision with DL slots for TDD and this causes the coverage performance loss of PUSCH. One of solutions to overcome this issue is increasing the maximum number of repetitions. In Rel.15/16, PUSCH transmission is repeated across the pusch-AggregationFactor, repK, or numberofrepetitions consecutive slots. The values for pusch-AggregationFactor and repK is 2, 4, or 8 and the values for numberofrepetitions is {1, 2, 3, 4, 7, 8, 12, 16}. By increasing the maximum number of repetitions and gNB appropriately configures/indicates the number of repetitions, which ensures sufficient number of actual repetitions considering DL/UL configurations, even if PUSCH transmission in a slot of a multi-slot PUSCH transmission is omitted in several slots, PUSCH coverage can still be achieved. The maximum number of repetitions should be decided under consideration of the required number of actual PUSCH repetitions and UL/DL configurations. In study item [2], up to 32 was identified as example and it could be starting point. Assuming the slot structure of DDDDDDDSUU, there could be 8 UL slots within 32 consecutive slots, in which the first slots is UL slots.
Observation 1: The maximum number of repetitions should be decided under consideration of the required number of actual PUSCH repetitions and UL/DL configurations.
Observation 2: Increasing the maximum number of repetitions up to 32 is a starting point.

The number of repetitions counted on the basis of available UL slots
Just to increase the maximum number of repetitions for Rel.15/16 PUSCH repetition Type A may not be optimal behavior for repetitions from the perspective of RV cycling and inter-slot frequency hopping since both RV cycling and inter-slot frequency hopping are performed across nominal repetitions. In order to overcome this issue, the number of repetitions is counted on the basis of available UL slots for Rel.17. Potential specification impact is to determine mechanisms for formulating transmission occasion of actual repetition. 
In RAN1#104e, the following alternatives were agreed for the determination of the available slots.
· Alt.1: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd-ul-dl configuration, FFS: other RRC configurations) and does not depend on dynamic signalling (at least SFI, FFS: other dynamic signalling, e.g., CI, PUSCH priority for URLLC).
· Alt.2: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd-ul-dl configuration, FFS: other RRC configurations) and also depends on dynamic signalling (at least SFI, FFS: other dynamic signalling, e.g., CI, PUSCH priority for URLLC).
In addition, following alternatives were identified for further study.
· Alt.a: The determination of all the available slots has to be done prior to the first actual transmission of the repetitions.
· Alt.b: The determination of all the available slots does not have to be done prior to the first actual transmission of the repetitions. The timeline requirement is per repetition basis.
In our view, the following three design direction could be considered.
· Design direction 1 (Alt.1 + Alt.a)
· The determination of available UL slots depends on only RRC configurations.
· Design direction 2 (Alt.2 + Alt.a)
· The determination of available UL slots depends on RRC configurations and dynamic signalling of scheduling DCI.
· Design direction 3 (Alt.2 + Alt.b)
· The determination of available UL slots depends on RRC configurations and dynamic signalling of scheduling DCI and/or dynamic SFI.
For Design direction 1, the symbol not intended for UL transmissions could be semi-static DL symbol and semi-static flexible symbol with SSB. Whether other semi-static flexible symbol is considered as symbol intended for UL transmission could be discussion point for Design direction 1. If semi-static flexible symbol is not intended for UL transmission, UL resource utilization will be degraded. If semi-static flexible symbol is always intended for UL transmission, there would be the issue not to allow to use it as flexible especially the reception number is increased. Therefore, Design direction 1 is too much limitation for the network operation.
For Design direction 2, the symbol not intended for UL transmissions could be semi-static DL symbol and semi-static flexible symbol with SSB. Whether semi-static flexible symbol(s) is intended for UL transmission or not is determined by scheduling DCI which can indicate “the slot where the assignment collided with semi-static flexible symbol can be available UL slot or not”. The dynamic SFI handling could be same as Design direction 1. The slots to transmit PUSCH is determined at the reception of the scheduling DCI and they are not modified further. Such design is robust for miss/false detection of DCI.
For design direction 3, the symbol not intended for UL transmissions could be semi-static DL symbol and semi-static flexible symbol with SSB. Similar to Design direction 1, scheduling DCI can indicate whether semi-static flexible symbol(s) is intended for UL transmission or not. Furthermore, the semi-static flexible symbol(s) can be the symbol not intended for UL transmission by dynamic SFI. Since the postponement depends on the dynamic SFI indication, Design direction 3 has merit of more control from gNB, but from UE perspective, more complexity on the determination on when to transmit PUSCH is necessary.
In our view, from flexible gNB control and UE complexity point of view, Design direction 2 looks kind of balanced design. Therefore, we propose following.
Proposal 1: The determination of available UL slots depends on RRC configurations and dynamic signaling of scheduling DCI. The scheduling DCI can indicate the slot where the assignment collided with semi-static flexible symbol can be used for PUSCH.

In postponement mechanism, 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. For postponement, whether upper limit is introduced or not could be discussion point. In our view, this issue is related to the design direction of basic postponement mechanism as discussed above. If Design direction 1 or 2 is used, we don’t see the need of the upper limit since the duration of repetition span can be deterministic when UE receives the scheduling DCI. On the other hand, when Design direction 3 is supported, upper limit would be required.
Observation 3: Whether upper limit is introduced or not depends on the decision on the determination of available UL slots.

The other specification impact is signalling mechanism, i.e., how to indicate Rel.15/16 PUSCH repetition Type A (the number of repetitions is counted on basis of indicated/consecutive slots) and enhanced PUSCH repetition Type A (the number of repetitions is counted on the basis of available UL slots). Following options can be considered.
· [bookmark: _Hlk61449594]Option 1: RRC configuration
· Option 2: Explicit DCI indication
· Option 3: To indicate it in the TDRA table
In Rel.16, for PUSCH scheduled by DCI format 0-1/0-2, if PUSCHRepTypeIndicator-ForDCIFormat0_1/ PUSCHRepTypeIndicator-ForDCIFormat0_1 is set to ‘pusch-RepTypeB’, the UE applies PUSCH repetition Type B procedure when determining the time domain resource allocation. Otherwise, UE applies PUSCH repetition Type A procedure. Therefore, Option 1 seems straightforward extension of Rel.16 behaviour in which just to add new parameter for enhanced PUSCH repetition Type A. Option 2 would provide much flexibility at the cost of DCI overhead. On Option 3, dynamic indication of the repetition type is jointly coded with SLIV in TDRA table, by adding an additional column for the repetition type in the TDRA table. It requires no additional DCI overhead and provides dynamic indication with limited number of combination than Option 2. In our view, either Option 1 or Option 3 should be further considered.
Proposal 2: For the indication of repetition type, following options should be considered.
· Option 1: RRC configuration
· Option 3: To indicate it in the TDRA table

UCI multiplexing for PUSCH repetition Type A enhancement
Rel.15/16 does not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH. When the number of repetitions is increased, or the number of repetitions is counted on the basis of available UL slots, the repetition transmission would occupy a lot of UL slots. If there is a HARQ-ACK feedback, HARQ-ACK would have to wait until PUSCH repetition have been finished and with the restriction on PDSCH scheduling, DL spectral efficiency and/or latency will degrade. In Rel.17, whether this issue should be solved or not could be considered. The following options could be considered.
· Option 1: No enhancement from Rel.15/16
· Option 2: If Rel.17 PUSCH repetition Type A enhancement is configured, support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH.
· Option 2-1: HARQ-ACK bits for later DL assignments puncture PUSCH.
· Option 2-2: HARQ-ACK bits for the DL assignments later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH is considered as higher priority than PUSCH transmission, i.e., PUSCH is dropped or postponed and PUCCH with HARQ-ACK is transmitted.
In our view, this issue is also related to the design direction of basic postponement mechanism as discussed above. If Design direction 1 or 2 is used, Option 1 would be consistent since the slots to transmit PUSCH is determined at the reception of the scheduling DCI and they are not modified further. If Design direction 3 is used, Option 2 could be taken as the PUSCH transmission is influenced by the later DCI.
[bookmark: _Hlk71443931]Proposal 3: Whether to support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH repetition should be discussed.

Conclusion
In this contribution, we provide our view on enhancement of PUSCH repetition Type A. We made following observations and proposals.
Observation 1: The maximum number of repetitions should be decided under consideration of the required number of actual PUSCH repetitions and UL/DL configurations.
Observation 2: Increasing the maximum number of repetitions up to 32 is a starting point.
Proposal 1: The determination of available UL slots depends on RRC configurations and dynamic signaling of scheduling DCI. The scheduling DCI can indicate the slot where the assignment collided with semi-static flexible symbol can be used for PUSCH.
Observation 3: Whether upper limit is introduced or not depends on the decision on the determination of available UL slots.
Proposal 2: For the indication of repetition type, following options should be considered.
· Option 1: RRC configuration
· Option 3: To indicate it in the TDRA table
Proposal 3: Whether to support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH repetition should be discussed.
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Appendix: Agreements in previous meetings
RAN1#104e
Agreements:
· The maximum number of repetitions for DG PUSCH is also applicable to CG PUSCH.

Agreements:
· Rel.17 PUSCH repetition Type A supports the increase of maximum number of repetitions with repetition factors configured in a TDRA list with a row index indicated either by the configured grant configuration or by TDRA field in a DCI.
· FFS: Increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig

Agreements:
· Select one of the following alternatives, considering aspects whether or not the determination of all the available slots should be done prior to the first actual transmission of the repetitions (other alternatives are not precluded).
· Alt.1: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd-ul-dl configuration, FFS: other RRC configurations) and does not depend on dynamic signalling (at least SFI, FFS: other dynamic signalling, e.g., CI, PUSCH priority for URLLC).
· Alt.2: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd-ul-dl configuration, FFS: other RRC configurations) and also depends on dynamic signalling (at least SFI, FFS: other dynamic signalling, e.g., CI, PUSCH priority for URLLC).

Agreements:
· For defining available slots: A slot is determined as unavailable if at least one of the symbols indicated by TDRA for a PUSCH in the slot overlaps with the symbol not intended for UL transmissions.

Conclusion:
· Discuss further to select one of the following alternatives:
· Alt.a: The determination of all the available slots has to be done prior to the first actual transmission of the repetitions.
· Alt.b: The determination of all the available slots does not have to be done prior to the first actual transmission of the repetitions. The timeline requirement is per repetition basis.
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