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Introduction
[bookmark: _Hlk22834419][bookmark: _GoBack]This contribution discusses aspects related to enhancements for PUSCH repetition type A.  
Maximum number of repetitions
Maximum number of repetitions when repetition counting is based on available slots
Working Assumption
The maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32.

Above WA was made in RAN1#106-e. RAN1 already agreed to increase the maximum number of repetitions from 16 (as in Rel-16) to 32. Although the number of actual repetitions can be larger when counting is based on available slots respect to a counting based on physical slots for a given nominal number of repetitions, the actual number of repetitions can be less than the nominal number even when the counting is based on available slots. Thus, allowing the maximum number of repetitions to be 32 gives additional flexibility to scheduling and can be used as needed.

Proposal 1: Confirm the WA.


numberOfRepetitions
In RAN1#105-e it was agreed that in addition to the values of {1, 2, 3, 4, 7, 8, 12, 16} that are supported in Rel-16 for number of repetitions, {20, 24, 28, 32} are supported in Rel-17. One option would be 12 values for Rel-17 number of repetitions which would require 4 bits instead of 3 bits as for Rel-16. Another option would be 8 values as in Rel-16, and modify the values as for example {1, 2, 4, 8, 16, 24, 28, 32}, which would offer sufficient granularity for a gNB to schedule repetitions and not require increasing the number of bits. Whether 8 or 12 values are used for number of repetitions in Rel-17, a TDRA table would need to be modified to allow more and/or different values for the entry of number of repetitions in the table. The size of the TDRA table can remain unchanged (same number of rows) and the TDRA field in the DCI format scheduling the PUSCH does not need to be modified.  

Proposal 2: For PUSCH repetition Type A, the size of a TDRA table that supports Rel-17 values for number of repetitions is unchanged.

Proposal 3: For PUSCH repetition Type A, further discuss whether the size of the Rel-17 parameter for number of repetitions for DCI format 0_1/0_2 is 8 or 12.


pusch-AggregationFactor 
For PUSCH repetition Type A when the number of repetitions is not provided by the TDRA table configuration and the UE is configured with pusch-AggregationFactor, the number of repetitions is equal to the configured value for pusch-AggregationFactor, which can have 3 values {n2, n4, n8}. Given that numberOfRepetitions-r16 is agreed to include an increased maximum number of repetitions, there is no reason not to increase that value when provided by pusch-AggregationFactor. This would also substantially simplify the needed changes in the specifications.  
Thus, consistently with the agreed increase of numbers of repetitions for the parameter numberOfRepetitions-r16, it is proposed to introduce at least a larger value of repetitions in pusch-AggregationFactor. Given that 3 values are supported in Rel-16, at least a 4th value should be introduced, for example n16. This is consistent with Rel-16 values where the maximum value of numberOfRepetitions-r16 is 16 and the maximum value of pusch-AggregationFactor is 8.

Proposal 4: For PUSCH repetition Type A, one value is added in pusch-AggregationFactor, e.g. 16.


repK
Similar considerations apply to repK. For PUSCH transmissions with a Type 1 or Type 2 configured grant, when the number of repetitions is not present in the TDRA table, it is provided parameter repK by higher layers. Since larger values for the number of repetitions provided in the TDRA table are introduced, the values in repK should also be revised to include larger values. 

Proposal 5: For PUSCH repetition Type A, the configured maximum number of repetitions in repK is increased to at least 16. 


Available slots
Limitation of overall duration of PUSCH repetitions
In RAN1#104-e [2] it was discussed whether to specify a limit to the duration of the PUSCH repetitions when the repetition count is based on available slots, and in RAN1#106-e [3] for DG-PUSCH repetition Type A it was agreed the repetition counting based on available slots continues until satisfying the same conditions as when counting based on physical slot in Rel-16.

Discussion in RAN1#104-e [2]:
	Most of the companies share the views on postponement mechanism as the following:
· 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.
· Note: additional dropping on the actual repetitions is not precluded (See FL proposal 2-2a).



Agreement in RAN1#106-e [3]:
	Agreement
· For DG-PUSCH with counting based on the available slots, count of available slots continues until satisfying the conditions defined for DG-PUSCH repetition Type A in Rel-16.



Postponing repetitions has the advantage that PUSCH can be received with the required reliability because all repetitions can be transmitted at the cost of additional latency and additional resources – that should be controlled by the network by allowing transmission of repetitions beyond the period P of the transmission with configured grant, if deemed necessary.  


	TS 38.214, Clause 6.1.2.3.1 
---
For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion among the K repetitions within the period P, or from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first. In addition, the UE shall terminate the repetition of a transport block in a PUSCH transmission if the UE receives a DCI format 0_1 with DFI flag provided and set to '1', and if in this DCI the UE detects ACK for the HARQ process corresponding to that transport block.

The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. If the UE determines that, for a transmission occasion, the number of symbols available for the PUSCH transmission in a slot is smaller than transmission duration L, the UE does not transmit the PUSCH in the transmission occasion.



As discussed during RAN1#106-e, for CG-PUSCH the underlined above text from TS 38.214 Clause 6.1.2.3.1 would require a modification to allow gNB to better control how many repetitions are actually transmitted. In our understanding, “the repetitions shall be terminated after transmitting K repetitions” can mean that the actual PUSCH transmission can happen beyond the period P if the second underlined sentence does not apply. For Rel-16 with counting of physical slots that was prevented by the second underlined sentence and K value cannot exceed P value.  

When repetitions can be postponed, a limitation to the span of the overall PUSCH transmission should exist, and especially for counting of available slots in common TDD configurations with several DL slots and few UL slots, the gNB needs to provide a maximum number of slots for the overall PUSCH transmission. This was already discussed in RAN1#104-e (as mentioned above). Thus, we propose that for counting of available slots, the following condition for PUSCH transmission with repetitions should be added to the existing conditions: the repetitions shall be terminated after P+N slots. The parameter N can be fixed or configured by gNB. Such condition is also subject to whichever is reached first among all other conditions.

Proposal 6: For counting of available slots for CG-PUSCH transmission with repetitions, the condition that PUSCH repetitions shall be terminated after P+N slots is added to the existing conditions in TS 38.214 Clause 6.1.2.3.1/2.


Applicability of available slot based counting method to paired spectrum
In previous RAN1 meetings it was discussed whether counting based on available slots is only applicable to unpaired spectrum. The agreements so far were targeted to a TDD mode, however Rel-17 coverage enhancement features would also be applicable to Rel-17 HD-FDD RedCap UEs and counting of available slots should also be applicable to paired spectrum. This was also discussed in RAN#93-e where the following conclusion was endorsed.

	Conclusion endorsed in RAN#93-e
· All types of UEs are included in the scope of Rel-17 CovEnh WI.
· Collision handling between PUSCH and SSB for HD-FDD UE in Rel-17 CovEnh WI depends on the outcome of Rel-17 RedCap WI. The parallel discussion between Rel-17 CovEnh WI and Rel-17 RedCap WI should be avoided.




Since the discussion on HD-FDD UEs is still ongoing in the RedCap AI 8.6.1.2, we suggest to discuss this topic in RAN1#107-e.

Proposal 7: Discuss applicability of Rel-17 PUSCH enhancements to HD-FDD RedCap UEs in RAN1#107-e.


Conclusion
This contribution discusses the potential solutions and techniques for PUSCH coverage enhancement. The proposals and observations made in this contribution are summarized as below:


Maximum number of repetitions

Proposal 1: Confirm the WA.

Proposal 2: For PUSCH repetition Type A, the size of a TDRA table that supports Rel-17 values for number of repetitions is unchanged.

Proposal 3: For PUSCH repetition Type A, further discuss whether the size of the Rel-17 parameter for number of repetitions for DCI format 0_1/0_2 is 8 or 12.

Proposal 4: For PUSCH repetition Type A, one value is added in pusch-AggregationFactor, e.g. 16.

Proposal 5: For PUSCH repetition Type A, the configured maximum number of repetitions in repK is increased to at least 16. 


Available slots

Proposal 6: For counting of available slots for CG-PUSCH transmission with repetitions, the condition that PUSCH repetitions shall be terminated after P+N slots is added to the existing conditions in TS 38.214 Clause 6.1.2.3.1/2.

Proposal 7: Discuss applicability of Rel-17 PUSCH enhancements to HD-FDD RedCap UEs in RAN1#107-e.
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