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[bookmark: _Ref513464071]Introduction
The following agreements were made regarding PUSCH repetition enhancements in RAN1# 100e,102e, 103e, 104e, and 105e:
	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.

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.



In this contribution, the possible enhancements related to time-domain PUSCH enhancements are discussed.
Time domain PUSCH repetition enhancements
Variable number of repetition due to dynamic TDD
In a dynamic TDD frame configuration, some configured flexible slots can be dynamically indicated as downlink slots. This creates the possibility of having a variable number of uplink repetitions transmitted. For example, with an uplink configured grant configured with a periodicity of one slot, Figure 1 illustrates how the number of actual uplink repetitions transmitted increases when all flexible slots are indicated by SFI as uplink slots. As illustrated in the figure, to achieve a nominal number of say 6 repetitions required to reach the desired HARQ operating point, the bundle must be extended by 8 additional slot to overcome repetitions not transmitted in such flexible slots. RepK should therefore be configured larger than usual to accommodate for dynamically indicated downlink slot switches in dynamic TDD.

[image: ]
[image: ]
Figure 1: RepK extended to 16 to achieve a nominal number of 6 repetitions in a dynamic TDD frame configuration.

The CG timer is configured and maintained per HARQ process. The CG timer governs the total time needed to transmit a TB and reach the required HARQ operating point, considering the target number of retransmissions and repetitions. For this reason, the CG timer should be set to at least a duration RepK × slot duration at a minimum, i.e. time needed to transmit one full bundle.
Observation 1: 	In dynamic TDD scenario, the number of repetitions transmitted over a fixed time period can be variable due to varying UL/DL slot indications/configuration.
Impact of RepK on CG HARQ PID allocation
Per TS 38.321, the UE determines the HARQ process ID for a CG occasion per the specified formula:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot)
This formula results in uniformly spreading the configured number of CG HARQ PIDs over time slots consecutively while maintaining a common understanding between the network and the UE on the HARQ process ID used (i.e. there is no ambiguity on which process ID was selected as it is a function of synchronization and the timing of the starting symbol), as illustrated in Figure 2. Such uniform time domain distribution however does not consider slots in which uplink cannot be transmitted (e.g. slots part of the downlink portion of a TDD frame or slots dynamically indicated as downlink slots). 
Using the CG HARQ PID formula, Figure 2 illustrates how the UE determines the HARQ process ID for a configured grant with the following configurations:
· a configured grant periodicity of 1 slot; RepK = 1.
· a maximum of 8 HARQ processes 
· over a period of 4 frames (40 ms using 15 kHz subcarrier spacing)
· a TDD frame split of [D, D, D, U, U, D, D, D, U, U]
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Figure 2: CG HARQ PID selection over a period of 50 ms, using the CG HARQ PID formula
As illustrated in Figure 2, for this given TDD frame split, a HARQ process ID repeats itself only once every 24 ms. This is a considerable delay for the purpose of autonomously retransmitting a TB. The delay can be even larger if there are fewer UL slots within the TDD frame.
However, for the transmission of a repetitions within a bundle with RepK, the UE can assume that the HARQ process used for the initial PUSCH occasion of the bundle is reused for all remaining (RepK-1) consecutive CG occasions and the repetition is treated as a retransmission from a MAC perspective. This is captured in the following note:
NOTE 1:	CURRENT_symbol refers to the symbol index of the first transmission occasion of a repetition bundle that takes place.
In dynamic TDD, the bundle size can be extended to ensure that the UE reuses the same HARQ process for the whole bundle, and to ensure that retransmissions probability is reduced. However, this can cause increased overhead from occupying PUSCH resources for transmission of unnecessary additional repetitions beyond the nominal number of repetitions required to reach the BLER target. 
One possibility is to reduce the bundle size and aim to transmit repetitions over multiple bundles of smaller sizes. If the number of HARQ processes is large (e.g. 8 or above), the time delay between bundles can be significant. However, for a coverage limited UE, the network can configure a lower number of HARQ PIDs for configured grant operation. For example, 2 or 3 HARQ processes can be used for CG operation for a VoIP service. This results in reducing the maximum interval for a same HARQ process to repeat itself; a small number of repetitions per bundle can be configured and the latency budget can be met over multiple bundles.
Observation 2: 	To avoid over dimensioning RepK, the UE can repeat the same TB over multiple bundles using the same HARQ process when the number of HARQ PIDs configured for a CG is not large.
[bookmark: _Hlk61704950]The analysis here is applicable to applications which require multiple HARQ processes. Motivations for using multiple HARQ processes for VoIP service with different latency requirements, supported by evaluation results, are explained in our companion contribution [3]. During the NR coverage enhancement study, it was assumed that new VoIP data is generated every 20ms[2]. In low SNR, retransmissions may prevent transmission of the periodically generated data, causing failure to meet the latency requirement for VoIP service. In such scenario, multiple HARQ processes can be used to meet the latency requirement in the presence of periodically generated VoIP data. 
Transmitting a deterministic number of repetitions
In a dynamic TDD scenario, the number of repetition transmissions over a fixed time period can be insufficient due to varying UL/DL slot configuration. A minimum number of transmissions for a TB across repetitions over one or more repetition bundle within latency budget should be maintained. The following alternative enhancements can be considered to meet this:
1. Increasing maximum number of repetitions per bundle. 
This however results in unnecessary repetitions of the same TB for some bundles which have larger number of available UL slots, and energy can be lost. It also results in occupying the HARQ process for longer than needed, and thus delays transmission of other new TBs and reduces the UE’s throughput.

2. the number of repetitions counted on the basis of available UL slots. 
This can be achieved by:
· Alt A: Forcing a fixed number of repetitions per bundle.  
The UE may for example only count actual repetitions transmitted in uplink slots. However, this is difficult to manage with flexible symbols and SFI indicating some slots as uplink, as the UE may unexpectedly extend his allocation or terminate the transmission of a bundle early in case of misdetection of SFI DCI. This can be problematic for the purpose of soft combining.

· Alt B: Forcing a fixed number of repetitions over multiple bundles for a HARQ process.
One way to ensure a deterministic number of actual repetitions transmitted is to flush the HARQ buffer when the desired number is reached. Currently, the HARQ process is flushed only upon expiry of the CG timer for a CG or upon receiving another DG with NDI toggled for the same HARQ process. The CG timer, however, is set conservatively to accommodate the total transmission time of bundle at a minimum, considering variability of the number of available UL slots, and possibly even more time to allow for retransmissions. This should not have an impact on resource allocation.

A simple way to achieve Alt B is to have the UE toggle the NDI upon transmitting a configured target number of repetitions before the end of the repetition bundle. 
[bookmark: _Hlk61704301]
Proposal: The UE toggles NDI for the HARQ process if the UE has retransmitted the TB a configured N times by the end of a repetition bundle.

Conclusion.
The following is proposed in this contribution:
Observation 1: 	In dynamic TDD scenario, the number of repetitions transmitted over a fixed time period can be variable due to varying UL/DL slot indications/configuration.
Observation 2: 	To avoid over dimensioning RepK, the UE can repeat the same TB over multiple bundles using the same HARQ process when the number of HARQ PIDs configured for a CG is not large.
Proposal: The UE toggles NDI for the HARQ process if the UE has retransmitted the TB a configured N times by the end of a repetition bundle.

Reference
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