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[bookmark: _Ref513464071]Introduction
The following agreements were made regarding PUSCH repetition enhancements in RAN1# 100e,102e, 103e, and 104e:
	Agreements:
· Prioritize the study on the performance and specification impacts on time domain based solutions for PUSCH enhancements, including
· Increase the number of repetitions for PUSCH repetition type A 
· PUSCH repetition with non-consecutive slots/on the basis of available slots for TDD
· Note: whether increasing the number of PUSCH repetition for FDD depends on the outcome of AI 8.8.1.1.
· Enhancement on PUSCH repetition Type B
· E.g., actual repetition across the slot boundary, or the length of actual repetition larger than 14 symbols, etc.

Agreements:  Capture the following observation into the TR.
· [bookmark: _Hlk61001577]Enhancements on PUSCH repetition type A is beneficial for PUSCH coverage enhancements for TDD. It is recommended to support enhancements on PUSCH repetition type A in Rel-17, including the following two options (potential down-selection during the WI phase):
· Option 1: Increasing the maximum number of repetitions, e.g., up to 32.
· Option 2: The number of repetitions counted on the basis of available UL slots.

Agreements:
For numberofrepetitions for PUSCH repetition type A and type B, {3, 8} are additionally supported. That is, {1, 2, 3, 4, 7, 8, 12, 16} are supported for numberofrepetitions.




In this contribution, the possible enhancements related to time-domain PUSCH enhancements are discussed.
Time domain PUSCH repetition enhancements
In RAN1 104-e, the following options were discussed for the identification of slots on which uplink repetitions are available [2]:
	-        Alt1: 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 signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).
-        Alt2: 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 signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).


With Alt1, the UE considers only uplink slots configured by RRC available for uplink transmissions, and dynamically indicated uplink slots are excluded. This is different from the R15/16 behaviour whereby the UE can transmit repetitions even on dynamically indicated uplink slots (e.g. by SFI signalling in a dynamic TDD configuration). If this is taken literally, dynamically indicated uplink slots can go unused, at least for repetitions of the same HARQ process. The network could schedule transmissions of a different HARQ process in such orphan slot, but that is not likely to be useful as the UE is already in bad coverage and is not able to sustain reliable transmissions using a single slot for any HARQ process. 
With Alt2, the UE can leverage dynamically indicated uplink slots to transmit repetitions in a bundle, similar to R15/16. However, in the event of a mis-detected DCI indicating an flexible slot as an uplink, the network and the UE may not be in synch with regards to the number of repetitions transmitted and counted; this may further complicate soft combining at the receiver. Another possible complication is the determination of the timing of the last repetition: with Alt2, the last repetition can be transmitted at different PUSCH occasion, depending on the number of preceding PUSCH occasion since the initial transmission, and this in turn also contributes to ambiguity of the start time of the next TB using the same HARQ process. 
Observation 1: 	Alt1 has the advantage of no ambiguity of uplink repetition transmission timing and the bundle start and end times, but dynamically indicated slots can go unused, given the UE is already in bad coverage to perform transmissions on an orphan slots for a different HARQ process.
Given the timing uncertainty with option 2, it is therefore preferable to go with Alt1. However, to ensure dynamically indicated uplink slots do not to waste with Alt1, the UE should be allowed to opportunistically transmit additional repetitions on dynamically indicated uplink slots by SFI, where such transmissions are not counted towards the configured RepK value. Therefore, dynamically indicated uplink slots by SFI can be considered as “non-available” slots to ensure they’re not counted, but transmission of additional opportunistic repetitions on those slots is possible. The network receiver can thus decide whether to leverage such additional repetitions on dynamically indicated UL slots part of soft combining, e.g. if it determines that the DCI indicating the SFI was not missed.
Observation 2: 	Preferred outcome should be to maximize transmission opportunities for a repetition bundle even if there is some variation in number of actual repetitions, while maintaining the predictability of the end time for the transmission of a bundle.
Proposal 1-a: 	Support opportunistic UL transmission on “non-available” UL slots dynamically indicated by SFI, whereby transmissions on non-available slots are not counted.
Proposal 1-b: 	Support Alt1 for the definition of the available slot: whether or not a slot is determined as available for UL transmissions depends on RRC tdd_ul_dl slot configuration and does not depend on dynamic signalling.
With the above proposals, downlink slots and dynamically indicated uplink slots are considered non-available and repetition and repetition counting is postponed to the next slot. The following proposals from the feature lead summary in RAN1 104-e for handling postponed repetitions:
· 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.

Alt 1 is sufficient to ensure the required HARQ operating point is met and a target minimum number of repetitions is met. However, in some TDD configurations, the number of PUSCH occasions since the initial transmission of a repetition after a fixed period can vary depending on the timing of the initial transmission. It is therefore important to ensure that the number of retransmitted repetitions stop before the start of the next repetition bundle.
Proposal 1- c:	If a slot is determined as available for a scheduled PUSCH, the slot is counted in the PUSCH repetition. Otherwise, it is not counted and the repetition counting is postponed to the next slot.
Proposal 1-d: 	the above step is repeated until the count reaches the configured/indicated number of repetitions or until the start of the next repetition bundle.
One FFS is whether slots cancelled by CI or URLLC deprioritization count towards the configured target number of repetitions, and whether they are considered as available. Since the objective is to keep incrementing the RV despite of cancellation even, the UE should keep incrementing the repetition counter. CI and URLLC deprioritization should therefore not change the definition of slot “availability”, and whether a slot is considered available should therefore solely depend on RRC slot type configuration.
Proposal 2: CI and URLLC deprioritization do not change slot “availability” and whether a slot is considered available should therefore solely depend on RRC slot type configuration
In addition, the following conclusion was drawn in RAN1#104b regarding timing of determination of available slots.
	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.


Given the definition of an available slot solely depends on RRC slot type configuration (per proposal 1-b), the UE can determine the timing of available slots prior to the first transmission of the repetitions.
Proposal 3: Support Alt-a for the timing of determining slot “availability”: the determination of all the available slots has to be done prior to the first actual transmission of the repetitions.
Conclusion.
The following is proposed in this contribution:
Observation 1: 	Alt1 has the advantage of no ambiguity of uplink repetition transmission timing and the bundle start and end times, but dynamically indicated slots can go unused, given the UE is already in bad coverage to perform transmissions on an orphan slots for a different HARQ process.
Observation 2: 	Preferred outcome should be to maximize transmission opportunities for a repetition bundle even if there is some variation in number of actual repetitions, while maintaining the predictability of the end time for the transmission of a bundle.
Proposal 1-a: 	Support opportunistic UL transmission on “non-available” UL slots dynamically indicated by SFI, whereby transmissions on non-available slots are not counted.
Proposal 1-b: 	Support Alt1 for the definition of the available slot: whether or not a slot is determined as available for UL transmissions depends on RRC tdd_ul_dl slot configuration and does not depend on dynamic signalling.
Proposal 1- c:	If a slot is determined as available for a scheduled PUSCH, the slot is counted in the PUSCH repetition. Otherwise, it is not counted and the repetition counting is postponed to the next slot.
Proposal 1-d: 	the above step is repeated until the count reaches the configured/indicated number of repetitions or until the start of the next repetition bundle.
Proposal 2: 	CI and URLLC deprioritization do not change slot “availability” and whether a slot is considered available should therefore solely depend on RRC slot type configuration
Proposal 3: 	Support Alt-a for the timing of determining slot “availability”: the determination of all the available slots has to be done prior to the first actual transmission of the repetitions.
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