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1 Introduction
During the RAN1# 105e meeting, the following agreements were reached on enhancements on PUSCH repetition type A [1]. 
Agreement:

· RV cycling is based on available slot for the Type A PUSCH repetition enhancement with repetitions counted based on available slot in Rel-17

Agreement:
· Down-selection in RAN1#106-e:
· Alt 1: The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is 32, irrespective of counting method,

· Alt 2: The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is: 32 for the counting based on physical slots; and 16 (i.e. no change from Rel-16) for the counting based on available slots.
Conclusion:

· The following agreement in RAN1#104-e is applied to all slots including special slots.
	Agreements:
For defining available slots: a slot is determined as unavailable if at least one of the symbols indicated by TDRA for a PUSCH in the slot overlaps with the symbol not intended for UL transmissions.

· FFS details


R1-2106199
Agreement:
In addition to {1, 2, 3, 4, 7, 8, 12, 16} and {32}, the following additional value set for repetition factor is supported in Rel-17.

· {20, 24, 28}

Agreement:

· Each available slot identified by the UE is considered as a transmission occasion for PUSCH repetition.

· RV is cycled across transmission occasions, irrespective of whether PUSCH transmission in the transmission occasion is further omitted or not.
Agreement:
· If PUSCH symbol in a slot overlaps with flexible symbol(s) with SSB transmission, the slot is determined as not available during the counting of repetitions. As there is no PUSCH in the slot, no PUSCH omission applies to the slot.
Agreement:
Select one from the following (further refinement of the alternatives can be further discussed), for the procedure of Rel-17 PUSCH repetition Type A (other alternatives are not precluded)
· 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.

· Alt 1-B’ consisting of two steps

· Step 1: Determine K repetitions based on available slots, where the available slot is the UL slot and flexible slot indicated by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.

· 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: handling of dynamic signaling (e.g. UL CI, DCI for high priority channel), e.g., UE without CI capability

· Alt 2-A consisting of a single step

· Step 1: Determine available slots for K repetitions based on RRC configuration(s) and dynamic signaling (e.g. SFI, UL CI, DCI for high priority channel) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· Alt 2-B consisting of two steps

· Step 1: Determine available slots for K repetitions based on RRC configuration(s) and dynamic SFI in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· FFS timeline for the dynamic signalling
· 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.

In this contribution, we will share our initial opinions on the enhancements of PUSCH type A. 
1. Discussion
1.1 Maximum number of repetitions
In last meeting, there are two options depending on whether two enhancements (i.e. the increased maximum repetition number and the repetitions counted based on available slots) can be used simultaneously or not. One option is the maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is 32, irrespective of counting method. Another is the maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is: X for the counting based on physical slots; and 16 (i.e. no change from Rel-16) for the counting based on available slots. X could be either 32 or 20.
For option 1, increase the maximum number of repetitions and modify the counting mechanism are two independent methods can be used separately. The former is to increase the nominal number of repetitions and the latter is in order to guarantee the actual number of repetitions. We provided a simulation result to show the PUSCH performance of different repetition numbers in previous contribution R1-2105575. It is observed that about 9 dB and 11dB gain can be achieved respectively when the actual transmission number are set to 16 and 32, and there is 2dB gain gap between the repetition number of 16 and 32. Combined with the table 5.1.1.1-3 of TR 38.830, 16 actual repetitions is enough for Urban 4GHz TDD with 8dB performance gap needed to be compensated when ISD is set to 400m. However, if the ISD expands to 500m, there is 10 dB performance gap need to be compensated. In this case, the maximum actual number of repetitions needs to increase to more than 16 whatever the counting mechanism is. Hence, the simplest method is to support 32 maximum repetitions to meet the requirements for all scenarios.
For option 2, although the two methods was combined to complement each other, it is complex and inflexible to define different number of maximum number of repetitions. Besides, option 2 assumes and implies that 16 actual repetitions are sufficient in all the cases, we can’t agree with it, as former mentioned case when ISD=500m. 
Proposal 1: Support option1 to increase the maximum number of transmission up to 32, irrespective of counting method. 
The increase of maximum number of repetitions applies for numberofrepetition parameter configured in each row of a TDRA table is agreed, while whether the increase of maximum number of repetitions also applies for the repetition factor configured in PUSCH-config and/or ConfiguredGrantConfig has not been determined. 
In current specification, configuring numberOfRepetitions in TDRA table for dynamic indication is only an optional feature and if numberOfRepetitions in PUSCH-TimeDomainResourceAllocation is not configured, the number of repetitions configured with pusch-AggregationFactor will be used, but the maximum value up to 8 in existing specification is not nearly enough. Thus, extended the number of repetitions configured for pusch-AggregationFactor is necessary. 
As for ConfiguredGrantConfig, the number of repetitions is currently configured in repK with maximum 8 repetitions. Since there is an agreement that the maximum number of repetitions for DG-PUSCH is also applicable to CG PUSCH, it is better to also increase of number of repetitions appling for repK configured in ConfiguredGrantConfig to maintain unity.
Proposal 2. Support increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and ConfiguredGrantConfig.
It is 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. However if the maximum number of repetitions increases to 32, TDRA list needs to be changed and expanded to contain the corresponding number of rows, as well as the corresponding indication fields in RRC or DCI need to be extended. It has a large impact on the standardization, especially when the maximum number of repetition is not a fixed value and multiple maximum candidate values exists. 

A better solution for this issue is configure multiple extend factors for TDRA tables to support multiple maximum number of repetitions. For example, if the maximum number of repetitions is decided to extended to 32, the extend factor can be set to 2, which means the number of repetitions corresponding to each row in the original table can be expanded to double the original value. In this way, different extend factors can be set by RRC signalling based on CE target, and TDRA field in a DCI or indicator field of the configured grant configuration has no need to be extended, there is also no need to increase the number of rows in the TDRA table. 
Another solution is to predefine some rules for modifying the number of repetitions represented by the TDRA row index flexibly. For example, when the maximum number of repetitions needs to be extended to 32, then the predefined rules can be triggered for modifying the number of repetition factors configured in each row within a TDRA list, that is N’=N+16 or N’=N*2.
Proposal 3：Support introduce extend factor or predefined rules for increasing the maximum number of repetitions without increasing the number of rows of TDRA.
1.2 The number of repetitions counted on the basis of available UL slots
In last meeting, it is discussed whether/which the RRC configurations other than SSB is used for the determination of

available slots. Mainly consider following RRC configurations:

· CORESET0 with Type0-PDCCH CSS set

· Semi-static PUCCH with repetition

· Invalid UL symbols for DL-to-UL switching purpose
· SSB based measurement by SMTC

· PUCCH with larger priority index carrying HARQ-ACK for SPS

For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS

set, which is similar to SSB configured by ssb-PositionsInBurst and the UE does not expect the set of symbols to be indicated as uplink by TDD UL-DL ConfigurationCommon, or TDD UL-DL-ConfigurationDedicated. Thus it should be taken into account for determination of available slots. Invalid UL symbols for DL-to-UL switching, for ensure sufficient switching gap between UL and DL, should also be considered for determination of available slots.
Proposal 4: Support considering CORESET0 with Type0-PDCCH CSS set and Invalid UL symbols for DL-to-UL switching purpose as part of RRC configuration to determine available slots for PUSCH repetition type A in the first step.
1.3 The procedure of Rel-17 PUSCH repetition type A
As for the procedure of determining the available slots for PUSCH repetition type A, there are four alternatives: alt 1-B, alt 1-B’, alt 2-A, alt 2-B.
We support that the determination of all the available slots has to be done prior to the first actual transmission of the repetitions, and the procedure can be devided into two steps. First is determination on which available slots are counted and the second is determination on which counted slots can be actually transmitted. For step 1, we think a slot is determined as available for UL transmissions only depends on RRC configurations. Not only ambiguity between NW and UE on the resources used for PUSCH repetitions can be avoid, but also more simple. Then during actual transmission, dynamic signaling can be taken into consideration with some collision rules related to SFI/CI/priority handling. Based on above principles and considerations, alt 2-A and alt 2-B can be excluded. 
The difference between alt 1-B and alt 1-B’ is how to determine the available slot in step 1. Alt 1-B’ only consider tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated. But as discussed before, there are other RRC configurations need to be used for the determination available slots for PUSCH repetition type A in the first step, such as SSB, and CORRESET0 with Type0-PDCCH CSS set and so on. So we support alt 1-B.
Proposal 5: Support alt 1-B as the procedure of Rel-17 PUSCH repetition Type A.
2 Conclusion
In this contribution, we discuss the enhancement of PUSCH type A. Based on the discussion, our views are summarized as follows
Proposal 1： Support alt1 to increase the maximum number of transmission up to 32, irrespective of counting method. 

Proposal 2：Support increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and ConfiguredGrantConfig.
Proposal 3：Support introduce extend factor or predefined rules for increasing the maximum number of repetitions without increasing the number of rows of TDRA.
Proposal 4： Support considering CORESET0 with Type0-PDCCH CSS set and Invalid UL symbols for DL-to-UL switching purpose as part of RRC configuration to determine available slots for PUSCH repetition type A in the first step.
Proposal 5：Support alt 1-B as the procedure of Rel-17 PUSCH repetition Type A.
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