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1. Introduction
As is agreed in NR coverage enhancement work item[1], for Type A PUSCH repetition, there will be two enhancement techniques, and both will be supported:
· Option 1: increase the number of repetitions,
· Option 2: count the repetitions based on available slot.
In this contribution, we discuss remaining issues related to Option 2 for Type A PUSCH repetition enhancements based on latest RAN1 discussions, including:
· Different SSB configurations across multiple TRPs
· Different SSB configurations and/or DL-UL-Configurations across multiple serving cells
2. Discussion
2.1 Different SSB configurations across multiple TRPs
For Rel-17 PUSCH repetition Type A based on available slots, TDD UEs and HD-FDD UEs consider a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst being unavailable in the step of determination of available slots. The corresponding specification is quoted below. The contribution [2] mentioned an issue that when a UE is configured with multiple TRPs, that have different SSB configurations, for multi-TRP inter-cell operation, it is unclear whether only one or multiple SSB configurations across multiple TRPs are used for the available slot determination.
	Section 6.1.2.1 of 38.214 v17.0.0
For unpaired spectrum:
-		When AvailableSlotCounting is enabled, the UE determines  slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, based on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst, and the TDRA information field value in the DCI format 0_1 or 0_2.
-	A slot is not counted in the number of  slots for PUSCH transmission of a PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2 if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
For paired spectrum and SUL band:
-	The UE determines  consecutive slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or for a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2, based on the TDRA information field value in the DCI format 0_1 or 0_2, irrespective of whether AvailableSlotCounting is enabled or not.
-	For the case of reduced capability half-duplex UE, and when AvailableSlotCounting is enabled, a slot is not counted in the number of  slots for a PUSCH transmission of a PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or for a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2, if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.


For multi-TRP inter-cell operation, a UE transmits PUSCH repetition based on available slots to one TRP during which it measures SSB of another TRP with a different SSB configuration. There are two options for the UE to determine available slots. 
· [bookmark: _Hlk92358985]Option 1: UE only considers the SSB configuration of the TRP it transmits PUSCH to. 
· Option 2: UE considers the SSB configurations of both TRPs
For example, a TDD UE is configured with four PUSCH repetitions to TRP1 and it will measure SSB of TRP2 in slot 2. The results of the two options are listed in Figure 1. With Option 1, the UE determines available slots according to TRP1’s SSB configuration, and slot 2 is an available slot. It then drops PUSCH transmission in slot 2 in order to make an SSB measurement. If TRP1 knows the SSB configuration of TRP2, it can predict the dropping of the 2nd repetition and avoid combining the dropped repetition with the transmitted repetitions. However, gNB combining algorithms can generally avoid this problem. Moreover, knowledge of TRP2’s SSB configuration is not needed to determine the RVs on TRP1, and therefore this information doesn’t affect TRP1’s decoding of the actually transmitted slots. 
According to Option 2, slot 2 is not counted as an available slot, and this avoids transmission cancellation. However, TRP1 must know the SSB configuration of TRP2 in order to decode the RV in the right slot. Option 2 changes the mapping of RVs and slot index. The drawback is if TRP1 doesn’t know the SSB configuration of TRP2, PUSCH decoding failure would happen in the remaining repetitions.
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Figure 1, a UE transmits PUSCH repetition based on available slots to one TRP when it measures SSB of another TRP

· If a UE considers the SSB configurations of multiple TRPs in the first step of determining of available slots, the TRP that schedules and receives PUSCH needs to know the SSB configuration of other TRP so as to decode a PUSCH repetition with a correct RV.

· In the case of multi-TRP inter-cell operation, a UE only considers the SSB configuration of the single TRP that schedules and receives PUSCH, in the first step of determining of available slots. Dropping rules are reused if the UE needs to measure SSB in the available slots.
2.2 [bookmark: _Hlk92815972]Different SSB configurations and/or DL-UL-Configurations across multiple serving cells
Contribution [2] raised the issue that for half duplex CA UEs, different SSB positions and different DL/UL configurations may be configured for different DL carriers. A decision is needed on whether such a UE should take the configurations from different DL carriers into account. 
In our view, regarding different TDD UL/DL configurations across multiple serving cells, the need or value for a UE to consider multiple TDD UL/DL configurations is for the collision where a UL or a flexible symbol on one serving cell is indicated as DL on another serving cell. According to the Rel-16 directional collision handling rule, this collision may only happen when UE is configured by higher layers to transmit PUSCH in a symbol on another cell, which is indicated as DL on the reference cell. Then the UE drops the UL transmission. When there are different SSB configuration across multiple serving cells, a Rel-16 UE drops the UL transmission in the case of collision with SSB transmission on other serving cells.
If the UE considers the different SSB configurations and TDD UL/DL configurations across multiple serving cells in the first step of determination of available slots, the collision is avoided and more PUSCH repetitions can be transmitted. However, the benefit only occurs when the PUSCH transmission collides with SSB transmission on other serving cell(s) or when CG-PUSCH transmission collides with a DL symbol on the reference cell. The benefit and incurred complexity need justification. Given that the Rel-17 repetition factor is increased to 32, the impact of a UE dropping one PUSCH repetition for collision handling is relatively small. 

· [bookmark: _Hlk92376333]Only tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst of the serving cell where the PUSCH repetitions are performed are considered for the determination of available slots. Dropping rules are reused for collision handling.
3 Summary
In this contribution, we have discussed remaining issues related to the two options in the NR coverage enhancement work item for Type A PUSCH repetition enhancements, including:
· Different SSB configurations across multiple TRPs
· Different SSB configurations and/or DL-UL-Configurations across multiple serving cells

Based on the discussion, we make the following proposals:
Proposals:
1. In the case of multi-TRP inter-cell operation, a UE only considers the SSB configuration of the single TRP that schedules and receives PUSCH, in the first step of determining of available slots. Dropping rules are reused if the UE needs to measure SSB in the available slots.
2. Only tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst of the serving cell where the PUSCH repetitions are performed are considered for the determination of available slots. Dropping rules are reused for collision handling.
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