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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 these two options for Type A PUSCH repetition enhancements based on latest RAN1 discussions, including:
· Rel-17 PUSCH dropping rules for UL transmission based on available slots,
· Applications of the two enhancements.
2. Discussion
2.1 Rel-17 PUSCH dropping rules for UL transmission based on available slots 
The following agreement has been made on the 2-step procedure of PUSCH repetition based on available slots in the RAN1#106-e meeting. Rel-17 PUSCH dropping rules are for further study.
	Agreement
Take Option 1-B as an agreement for the procedure of Rel-17 PUSCH repetitions counted on the basis of available slots.
· 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.
· FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)



[bookmark: _Hlk77064951][bookmark: OLE_LINK3]In NR Rel-17, on top of the Type A PUSCH repetition enhancement option 2 and TBoMS, enhancements of SPS HARQ-ACK, A-SRS are discussed in NR IIoT and URLLC WI and FeMIMO WI respectively. The transmission of all these UL channels and signal can be on the basis of available UL slots. As we know SPS HARQ-ACKs can be multiplexed to a time-overlapping PUSCH if they are of the same physical priority index and the timeline checks pass. Otherwise, they have to be transmitted separately. SRS can’t be transmitted simultaneously with PUSCH. Therefore, it needs to be solved on how a UE handles the collision if one particular slot is determined as an available slot for multiple time-overlapping UL channels or signals. To solve this issue, a solution based on priority similar to Rel-15/16 PUSCH omission rules can be used. Namely define the priority of the multiple UL transmissions, for example based on physical layer priority, the time order of corresponding UL grants. The UE only transmits the channel or signal with the highest priority in overlapping symbols in the slot. 

· [bookmark: _Hlk71539726]For the case that one particular slot is determined as an available slot for multiple time-overlapping UL channels or signals (type A PUSCH repetition enhancement option 2, A-SRS, or SPS HARQ-ACK), RAN1 is to define the priority of the multiple time-overlapping UL transmissions. The UE only transmits the channel or signal with the highest priority in overlapping symbols in the slot. 
The following agreement on how to determine available slots was reached in RAN1#106bis-e. An observation was also made, but it needs some clarifications regarding HD-FDD RedCap UEs.
	Agreement
· Only tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst are considered for the determination of available slots.
· Any other RRC configuration is not considered for the determination of available slots.

	Observation
· Whether or not the counting based on available slots is applicable only to unpaired spectrum is not discussed under AI 8.8.1.1 in RAN1#106bis-e. Discussions on how HD-FDD RedCap UEs support the available slot counting may take place in AI 8.8.1.1 in RAN1#107-e, depending on the progress of RedCap WI discussions.


[bookmark: _Hlk86993955][bookmark: _Hlk87002942]According to the above two agreements in this section, if Rel-17 PUSCH repetition counting on the basis of available slots is applied to paired spectrum, all slots in UL carrier are determined as available. The step 1, including the agreed RRC configurations for the determination of available slots, also applies to HD-FDD UE. 
Proposal 2:
· [bookmark: _Hlk87002963]The step 1, including the agreed RRC configurations for the determination of available slots, also applies to HD-FDD UE.
2.2 Applications of PUSCH repetition Type A enhancements
[bookmark: _Hlk84354495]There were some discussions in RAN1#106bis-e on the applications of Rel-17 PUSCH repetition Type A enhancements. Specifically, the two issues are whether to support the increased maximum number of repetitions for Type 1 CG-PUSCH and whether to support counting on the basis of available slots for Type 1, Type 2 CG-PUSCH and DG-PUSCH with Rel-15, Rel-16 or Rel-17 repetition factor. 
In our view, the Rel-17 increased maximum number of repetitions is based on Rel-16 PUSCH repetition, which has numberOfRepetitions configured in TDRA table for DG-PUSCH and Type 2 CG-PUSCH with a row index dynamically indicated in DCI format 0_1/0_2. The increased number of repetitions dynamically indicated by DCI can allow gNB to adapt flexibly to the varying radio condition and choose the most desirable value. However, number of repetitions of Type 1 CG-PUSCH is semi-statically configured by higher layer parameter repK. Increasing the value of the semi-static parameter from n8 to n32 doesn’t provide the scheduling flexibility as dynamic signaling does and may cause excessive latency. Thus, we don’t see strong motivation to increase the maximum number of repetitions for semi-static repetition factor of Type 1 CG-PUSCH. 
To keep the progress of RAN1, if the need of supporting increased maximum number of repetitions for Type 1 CG-PUSCH is justified, introducing Rel-17 repK for Type 1 CG-PUSCH can be considered.
Proposal 3:
· Increased maximum number of repetition is not supported for Type 1 CG-PUSCH in Rel-17. If the need of supporting increased maximum number of repetitions for Type 1 CG-PUSCH is justified, introducing Rel-17 repK for Type 1 CG-PUSCH can be considered.
Another issue is if counting on the basis of available slots applies to some or all of below situations.
· DG-PUSCH with Rel-15 repetition factor
· Type-1 CG-PUSCH with Rel-15 repetition factor
· Type-2 CG-PUSCH with Rel-15 repetition factor
· DG-PUSCH with Rel-16 repetition factor
· Type-2 CG-PUSCH with Rel-16 repetition factor
· DG-PUSCH with Rel-17 repetition factor
· Type-1 CG-PUSCH with Rel-17 repetition factor, if supported in Issue#1-2
· Type-2 CG-PUSCH with Rel-17 repetition factor
According to the following agreement in RAN1#106bis-e, “AvailableSlotCounting” is a RRC parameter. Similarly, we think it is better to apply this enhancement to PUSCH repetition with the number of repetitions dynamically indicated, i.e. Rel-16 or Rel-17 repetition factor. Supporting this enhancement for PUSCH repetition with Rel-15 semi-static repetition factor is not well justified. 
	Agreement
Two enhancements are configured separately (simultaneous configurations allowed).
· If the new Rel-17 RRC parameter “AvailableSlotCounting” set to “enabled” is configured, numberofrepetitions-r17 may or may not be configured and the counting based on available slots is used.
· Otherwise, numberofrepetitions-r17 may or may not be configured and the counting based on physical slots is used.


Proposal 4:
· Counting on the basis of available slot can apply to DG-PUSCH and Type 2 CG-PUSCH with Rel-16 or Rel-17 repetition factor, which is configured in TDRA list. 
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:
· Rel-17 PUSCH dropping rules for UL transmission based on available slots,
· Applications of PUSCH repetition Type A enhancements.
Based on the discussion, we make the following proposals:
Proposals:
1. For the case that one particular slot is determined as an available slot for multiple time-overlapping UL channels or signals (type A PUSCH repetition enhancement option 2, A-SRS, or SPS HARQ-ACK), RAN1 is to define the priority of the multiple time-overlapping UL transmissions. The UE only transmits the channel or signal with the highest priority in overlapping symbols in the slot. 
2. The step 1, including the agreed RRC configurations for the determination of available slots, also applies to HD-FDD UE.
3. Increased maximum number of repetition is not supported for Type 1 CG-PUSCH in Rel-17. If the need of supporting increased maximum number of repetitions for Type 1 CG-PUSCH is justified, introducing Rel-17 repK for Type 1 CG-PUSCH can be considered.
4. Counting on the basis of available slot can apply to DG-PUSCH and Type 2 CG-PUSCH with Rel-16 or Rel-17 repetition factor, which is configured in TDRA list. 
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