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Introduction
In RAN1#106-e meeting, Enhancements on PUSCH repetition type A was discussed, and the following agreements were made [1].
Agreement:
· For Rel-17 PUSCH repetition Type A without joint channel estimation, no new inter-slot frequency hopping mechanism is introduced. 

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)

Agreement
For PUSCH repetition Type A for Rel-17 CG-PUSCH, semi-static flexible symbol is considered as available.

Agreement
For PUSCH repetition Type A for Rel-17 DG-PUSCH, semi-static flexible symbol is considered as available.
Note: The applicability for Msg 3 is to be discussed in 8.8.3

Agreement
· DCI format 0_1 and DCI format 0_2 support Rel-17 PUSCH repetition Type A with the increased maximum repetition numbers configured in TDRA lists.
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.

Working Assumption
The maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32
In this contribution, the remaining issues on Enhancements on PUSCH repetition type A are discussed.
Enhancements for PUSCH Repetition Type A
The maximum number of repetitions
· Issue#1-1 Value of the maximum number of repetitions
In Rel-15/16, RRC parameter pusch-AggregationFactor configures the number of repetitions for PUSCH, where the candidate value set of pusch-AggregationFactor = {2, 4, 8}. TRDA based dynamic repetition number indication introduced in Rel-16 is applied when configured, where the candidate value set of numberOfRepetitions-r16 = {1, 2, 3, 4, 7, 8, 12, 16}.
During the discussion on the maximum number of repetitions, the views of companies were not consistent on whether to support 32 repetitions with the counting based on available slots. A lot of companies supported 32 for the counting based on available slots, and we made a working assumption as following:
	Working Assumption
The maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32


Network can configure two enhancements 1) increase of the maximum number of repetitions (the number of repetitions counted on the basis of physical slots), 2) the number of repetitions counted on the basis of available slots. The motivation of the two enhancements is to ensure the actual number of repetitions. No matter for the counting based on physical slots or the counting based on available slots, 32 is a reasonable value for the maximum number of repetitions. And though the maximum number is 32, the network may still configure a smaller value.
Regarding on the counting based on available slots, there is also the case that actual PUSCH repetition is dropped on the available slots. That is, the number of actual PUSCH repetition is less than the configured number. A larger maximum number can ensure the 16 actual repetitions and guarantee the coverage performance. In case of NTN scenarios, enhancements on PUSCH repetition type A are also very important. There are enough UL slots to transmit the PUSCH for NTN scenarios, and it may not meet the requirements of coverage for 16 actual number of repetitions. There is no necessary to design different maximum repetition number for the two counting methods. We can design a same maximum number value for the two counting methods.
Proposal 1: Confirm the working assumption: The maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32
· Issue#1-2 RRC parameters to be extended for supporting the increased maximum number
In Rel-16, there are three RRC parameters which are used to configure repetition factors, pusch-AggregationFactor, numberOfRepetitions, and repK, and in RAN1#104-e, it was agreed that Rel-17 PUSCH repetition Type A supports the increase of maximum number of repetitions with repetition factors configured in a TDRA list with a row index indicated either by the configured grant configuration or by TDRA field in a DCI. There was still the sub-bullet saying that “FFS: increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig”. The repetition factors semi-statically configured without using the TDRA list can be set to 2, 4 or 8 in Rel-15/16, but not to support the value larger than 8. 
Up to now, there is no consensus to enhance PUSCH-Config and ConfiguredGrantConfig to support the increased maximum number of repetitions. We think the two parameters can also be extended. When UE is not configured with numberOfRepetitions in the TDRA table, UE needs to follow the pusch-AggregationFactor configured in PUSCH-Config. In this case, a larger repetition factor can help meet the coverage enhancement target. This also applies for repK in ConfiguredGrantConfig. We also have the agreements that “The maximum number of repetitions for DG-PUSCH is also applicable to CG-PUSCH”. To enhance both Type1&Type2 CG, parameters repK has to be considered for enhancement.
Proposal 2: The repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig should also support the increased maximum number of repetitions.

The number of repetitions counted on the basis of available UL slots
· Issue#2-1 Limitation of overall duration of CG-PUSCH repetitions
For CG-PUSCH, Rel-15/16 has the following restriction on the repetition configuration. 
	TS38.214
6.1.2.3.1	Transport Block repetition for uplink transmissions of PUSCH repetition Type A with a configured grant
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.


The similar limitation for overall duration of CG-PUSCH with counting based on the available slots was discussed during RAN1#106-e. And the issue was pending to RAN1#106bis to select one of the following alternatives:
	· Alt 1
· 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.
· 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.
· Alt 2 
· The repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion 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.
· The UE is not expected to be configured with K larger than P/12 for 60kHz with ECP or P/14 otherwise.
· FFS: The UE is not expected to be configured with K larger than the number of available slots within the period P.
· FFS: whether/how to capture it in RAN1 spec.
· Note: For overriding by DG-PUSCH with the same HARQ process, if any update is made for Rel-16, it also applies to above alternatives.




Figure 1
In our view, no matter selecting Alt1 or Alt2, the purpose is to ensure that PUSCH repetition is transmitted within the period P of the CG. Considering the flexibility of CG-PUSCH repetition of different period P, we hope UE can have a smaller number of actual repetitions than K within period P when the border of CG period reaches first, i.e., there is no need to force K << P in DL heavy TDD configurations in order to ensure every CG period has K transmission occasions. 
As Figure1, we assume a fixed “DDDSUDDSUU” configuration and the CG period P=5. With the legacy counting method, if the gNB configures K=5, then the UE can transmit 1 or 2 actual repetitions in every CG period like figure1. In our understanding, the two alternatives are aim to achieve the same effect when the counting based on the available slots. 
· For the first bullet, “at the last transmission occasion among the K repetitions within the period P” of alt1 and “at the last transmission occasion within the period P” of alt2 are the same meaning in our views, because the “transmission occasion” of alt2 is also for K repetitions. 
· “K” is the number of repetitions with counting based on the available slots. Though K is smaller than P, the time duration for the transmission of K repetitions may be larger than the time duration derived by the periodicity P. Thus, we think the second bullet of alt2 seems not make much sense. And the FFS “The UE is not expected to be configured with K larger than the number of available slots within the period P” will cause the limitation force K << P in DL heavy TDD configurations in order to ensure every CG period has K transmission occasions, it is also the same with the second bullet of alt1.
· In figure1, for the 2nd CG period, “the last transmission occasion among the K repetitions within the period P” or “the last transmission occasion within the period P” is meaning the first UL slots in the CG period. In this case, UE can still transmit PUSCH, and the actual repetition is less than K.
For the two alternatives, the two bullets are repeated, “the last transmission occasion among the K repetitions within the period P” or “the last transmission occasion within the period P” and “whichever is reached first” can ensure that PUSCH repetition is transmitted within the period P of the CG. If we have the second bullet, no matter alt1 or alt2, will both force K << P in DL heavy TDD configurations in order to ensure every CG period has K transmission occasions, then it is no need to have the description that “the last transmission occasion among the K repetitions within the period P” or “the last transmission occasion within the period P”.
Observation 1: The second bullet of two alternatives will both force K << P in DL heavy TDD configurations in order to ensure every CG period has K transmission occasions.
Proposal 3: Allow UE have a smaller number of actual repetitions than K.
Proposal 4: Remove the second bullet or “the last transmission occasion among the K repetitions within the period P” / “the last transmission occasion within the period P” of the first bullet.
Proposal 5: We support alt1 without the second bullet.

Issue#2-2 Configurations/indications enabling CovEnh functions
Three alternatives were discussed in RAN1#106 e-meeting, they are captured as follows:
· Alt 1:
· “The counting based on available slots” is enabled via RRC signaling. If not enabled, the Rel-17 UE uses “the counting based on physical slots” (i.e. the same repetition counting as in Rel15/16).
· Rel-17 RRC parameter(s) relating to “the increased maximum number of repetitions” is provided via RRC signaling to a UE which performs PUSCH repetitions with “the increased maximum number of repetitions”. If not provided, the UE performs PUSCH repetitions subject to Rel-15/16 configuration.
· Alt 2:
· A single Rel-17 RRC parameter enabling both “The counting based on available slots” and “the increased maximum number of repetitions” is introduced. If not enabled, the Rel-17 UE uses “the counting based on physical slots” (i.e. the same repetition counting as in Rel15/16) and performs up to 16 repetitions subject to existing configuration.
· Alt 3:
· A single Rel-17 RRC parameter indicating one of the following three combinations is introduced.
· “The counting based on physical slots” and “the existing maximum number of repetitions”
· “The counting based on physical slots” and “the increased maximum number of repetitions”
· “The counting based on available slots” and “the existing maximum number of repetitions”
For alt2, it will force Rel-17 UE must to support the counting based on available slots, whether to count based on available slots should be an optional UE capability, though UE not support this counting method, it can ensure the coverage performance via “the increased maximum number of repetitions”. 
For alt1, in our understanding, it means as follows:
	The counting based on available slots
	the increased maximum number of repetitions
	Result

	Enabled 
	Provided 
	“The counting based on available slots” & “the increased maximum number of repetitions”

	Enabled
	Not provided 
(If not provided, the UE performs PUSCH repetitions subject to Rel-15/16 configuration)
	“The counting based on physical slots” and “the existing maximum number of repetitions”
Note: “The counting based on available slots” is enabled via RRC signaling, but it does not work.

	Not enabled
	Provided
	“The counting based on physical slots” and “the increased maximum number of repetitions”

	Not enabled
	Not provided 
(If not provided, the UE performs PUSCH repetitions subject to Rel-15/16 configuration)
	 “The counting based on physical slots” and “the existing maximum number of repetitions”


There are four cases in our views:
· Case1: “The counting based on physical slots” and “the existing maximum number of repetitions”
· Case2: “The counting based on physical slots” and “the increased maximum number of repetitions”
· Case3: “The counting based on available slots” and “the existing maximum number of repetitions”
· Case4: “The counting based on available slots” and “the increased maximum number of repetitions”
Alt2 not support the case3, while alt3 not support case4.
Proposal 6: We support alt1 with following modifications:
· “The counting based on available slots” is enabled via RRC signaling. If not enabled, the Rel-17 UE uses “the counting based on physical slots” (i.e. the same repetition counting as in Rel15/16).
· Rel-17 RRC parameter(s) relating to “the increased maximum number of repetitions” is provided via RRC signaling to a UE which performs PUSCH repetitions with “the increased maximum number of repetitions”. 
· If not provided, and “The counting based on available slots” is not enabled via RRC signaling, the UE performs PUSCH repetitions subject to Rel-15/16 configuration.
· If not provided, and “The counting based on available slots” is enabled via RRC signaling, the UE performs PUSCH repetitions with “The counting based on available slots” and “the existing maximum number of repetitions”. 
Conclusions
In this contribution, we discussed the enhancement of PUSCH repetition Type A for coverage enhancement. As summary, we have the following proposals and observations:   
Proposal 1: Confirm the working assumption: The maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32
Proposal 2: The repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig should also support the increased maximum number of repetitions.
Observation 1: The second bullet of two alternatives will both force K << P in DL heavy TDD configurations in order to ensure every CG period has K transmission occasions.
Proposal 3: Allow UE have a smaller number of actual repetitions than K.
Proposal 4: Remove the second bullet or “the last transmission occasion among the K repetitions within the period P” / “the last transmission occasion within the period P” of the first bullet.
Proposal 5: We support alt1 without the second bullet.
Proposal 6: We support alt1 with following modifications:
· “The counting based on available slots” is enabled via RRC signaling. If not enabled, the Rel-17 UE uses “the counting based on physical slots” (i.e. the same repetition counting as in Rel15/16).
· Rel-17 RRC parameter(s) relating to “the increased maximum number of repetitions” is provided via RRC signaling to a UE which performs PUSCH repetitions with “the increased maximum number of repetitions”. 
· If not provided, and “The counting based on available slots” is not enabled via RRC signaling, the UE performs PUSCH repetitions subject to Rel-15/16 configuration.
· If not provided, and “The counting based on available slots” is enabled via RRC signaling, the UE performs PUSCH repetitions with “The counting based on available slots” and “the existing maximum number of repetitions”. 
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