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Introduction
In RAN1#106-e meeting, enhancement of PUSCH repetition type A were discussed including determination rule for the available slots and maximum number of repetitions. Also, several agreements and conclusion were made [1]. From the previous agreement, we continue to discuss on enhancement of PUSCH repetition type A.

Increasing the maximum number of repetitions
For increasing the maximum number of repetitions, it is under discussion RRC parameters to be extended for supporting the increased maximum number. In detail, it needs to be determined whether repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig support the increased maximum number of repetitions or not. 
In our view, there will be cases where the UE needs to be located for a long time in an environment that requires coverage enhancement. In this case, it may be beneficial to continuously apply a large repetition number to PUSCH transmission, thus it seems helpful to support the increased maximum number of the repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig.

Proposal 1: Increase the maximum number of repetitions for pusch-AggregationFactor and repK.

Available slots for the PUSCH repetitions
1.1 The determination of available slots
In RAN1#105-e meeting, determination rule for the available slots was discussed, and it was agreed to discuss select one of the alternatives.
	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



According to the previous agreements, the determination of available slots are based on RRC configuration(s), where the RRC configuration(s) include at least tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated, and ssb-PositionsInBurst. 
Additional candidate RRC configurations which can be used to determine available slots were discussed in the last meeting. In our view, it seems enough to determine available slot based on semi-static TDD configuration and SS/PBCH block symbol, which is aligned behavior for PUCCH repetitions. In case of collision with semi-static configuration with higher priority, it can be handled by PUSCH dropping rules.

Proposal 2: Additional RRC configuration to determine available slots for K repetitions is not necessary.

1.2 Limitation of overall duration of CG-PUSCH
In case of DG-PUSCH with counting based on the available slots, it was agreed that counting of available slots continues until satisfying the conditions defined for DG-PUSCH repetition Type A in Rel-16 [1].
On the other hand, for the CG-PUSCH with counting based on the available slots, the repetitions of CG-PUSCH should be finished before within the period P. For this operation, the value of K needs to be configured so that K repetitions of CG-PUSCH ends within the period P. Since the network can determine the location of the available slot in advance, it can accurately determine the end time of the repetitions of the CG-PUSCH, and can appropriately set the value of K so that the repetitions do not become longer than the period P. Therefore 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.

Proposal 3: 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.

1.3 Available slot based counting method for paired spectrum
In this section, we discuss whether it is necessary to apply available slot based counting method for paired spectrum case as well.

· Applicability of available slot based counting method for FD-FDD
The main motivation for introducing the available slot-based counting method is that the UE lost the opportunity of UL transmission due to the DL reception and could not perform the desired number of repetitions in the TDD environment. On the other hand, since the UE performing the FD-FDD operation in the paired spectrum can simultaneously perform DL reception and UL transmission, there is no need to introduce such a counting method. With the same reason, in the case of PUCCH repetitions, available slot-based repetition is applied only in unpaired spectrum, and continuous slot-based repetition is performed in paired spectrum. Therefore, in the case of a UE performing at least FD-FDD operation, it is considered appropriate to apply only the continuous slot based counting method in the paired spectrum.

Proposal 4: PUSCH repetitions counted on the basis of available slots is not applied to FD-FDD UE.

· Available slot based counting method for HD-FDD
In the case of an HD-FDD UE, although it operates in a paired spectrum, DL reception and UL transmission cannot be performed at the same time. In this case, it is necessary to discuss whether it is necessary to apply the available slot-based PUSCH repetition type A operation to the HD-FDD UE. For this, we need to consider whether there is a case in which the HD-FDD UE cannot perform UL transmission due to a semi-static DL reception operation.
According to Rel-17 RedCap WI discussion, HD-FDD RedCap UE cannot transmit CG-PUSCH when it overlaps with SSB transmission. According to the following agreements, SSB reception has priority in case of collision between SSB and CG PUSCH, however the operation for collision between SSB and DG PUSCH is under discussion. In the case of collision with other semi-statically configured DL reception, DG PUSCH transmission is prioritized over the DL reception, and collision with CG PUSCH does not assumed.
	Agreement:
· For Case 5 of SSB overlaps with in configured UL transmission, re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over configured UL transmission
· The configured UL transmission includes CG-PUSCH, or SRS
· …

Agreement 
· For Case 5 of dynamically scheduled UL transmission vs. SSB, one or both of the following options to be determined till next meeting:
· Option 1: Dynamically scheduled UL transmission is prioritized over SSB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission

Agreement:
For Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier/single cell in unpaired spectrum
· The semi-statically configured DL reception may include PDCCH (excluding ULCI), SPS PDSCH, CSI-RS or PRS. 

Agreement:
For Case 3, semi-statically configured DL reception vs. semi-statically configured UL transmission
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot 
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and cell specific higher layer parameters configuring reception in the set of symbols of the slot 
· A HD-FDD UE does not expect to receive both cell specific higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot 
· FFS on cell-specifically configured DL reception vs. cell-specifically configured UL transmission
· FFS: whether or not there are conditions that need to be considered



Therefore, in the case of HD-FDD RedCap UE, it is necessary to discuss how to handle the case of collision between SSB reception and CG PUSCH (and the case of collision between SSB and DG PUSCH potentially). For PUSCH repetition type A operation in HD-FDD case, it can be considered to support available slot-based counting method, that is excluding the SSB transmission slot from the available slot similar to the TDD case. Alternatively, even if the HD-FDD UE cannot transmit the PUSCH in the SSB slot, it can be considered to apply only the continuous slot based counting method in the same way as the FD-FDD case.

Proposal 5: Discuss whether to support PUSCH repetitions counted on the basis of available slots to HD-FDD RedCap UE.
Proposal 6: When PUSCH repetitions counted on the basis of available slots is supported to HD-FDD RedCap UE, if PUSCH symbol in a slot overlaps with SSB transmission, the slot is determined as not available during the counting of repetitions.

Conclusion
In this contribution, we discussed on enhancement of PUSCH repetition type A. From the discussion, we provide following proposals.
Increasing the maximum number of repetitions
Proposal 1: Increase the maximum number of repetitions for pusch-AggregationFactor and repK.

Available slots for the PUSCH repetitions
Proposal 2: Additional RRC configuration to determine available slots for K repetitions is not necessary.

Limitation of overall duration of CG-PUSCH
Proposal 3: 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.

Available slot based counting method for paired spectrum
Proposal 4: PUSCH repetitions counted on the basis of available slots is not applied to FD-FDD UE.
Proposal 5: Discuss whether to support PUSCH repetitions counted on the basis of available slots to HD-FDD RedCap UE.
Proposal 6: When PUSCH repetitions counted on the basis of available slots is supported to HD-FDD RedCap UE, if PUSCH symbol in a slot overlaps with SSB transmission, the slot is determined as not available during the counting of repetitions.

Reference
[1] RAN1 Chair’s Notes, RAN1 #106-e, e-Meeting, August 16th – 27th, 2021
	4/4	
