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1 Introduction
During the RAN1# 104e meeting, the following agreements were reached on enhancements on PUSCH repetition type A [1]. 
Agreements:
Select one of the following alternatives, considering the aspect whether or not the determination of all the available slots 

should be done prior to the first actual transmission of the repetitions (other alternatives are not precluded)
-        Alt1: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd_ul_dl configuration, FFS: other RRC configurations) and does not depend on dynamic signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).
-        Alt2: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd_ul_dl configuration, FFS: other RRC configurations) and also depends on dynamic signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).

Agreements:
The maximum number of repetitions for DG-PUSCH is also applicable to CG-PUSCH.
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
Agreements:
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.

· FFS: increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig.
Conclusion:

Discuss further to select one of the following alternatives:

· Alt-a: The determination of all the available slots has to be done prior to the first actual transmission of the repetitions.
· Alt-b: The determination of all the available slots does not have to be done prior to the first actual transmission of the repetitions. The timeline requirement is per repetition basis.
In this contribution, we will share our initial opinions on the enhancements of PUSCH type A. 
1. Discussion
1.1 Maximum number of repetition
During SI phase of coverage enhancement, there is a common observation that the actual repetition number less than the nominal repetition number considering TDD configuration with limited UL slots. Because the resource will be unavailable when collided with DL slots for TDD or BWP switching, then relevant PUSCH repetitions will cancelled in repetition type A. One candidate method is to increase the maximum transmission number to guarantee the number of actual repetitions, which may increase the coverage performance of PUSCH. In NR R16, the maximum number of PUSCH repetitions is 16.
Figure1 shows the PUSCH performance of different transmission numbers. It is assumed MCS 0 and MCS 1 with 1 DMRS symbol in TDL-C, others detail simulation parameters are listed in the annex. It is observed that about extra 2dB gain can be obtained when the actual transmission number are added from16 to 32.
In the table 5.1.1.1-3 of TR 38.830, for Urban 4GHz TDD, about 8dB performance gap is needed to be compensated when ISD is set to 400m. Based on this observation, it is necessary to guarantee the 16 actual repetitions to meet the coverage requirements of PUSCH. Furthermore, if the ISD expands to 500m, there is 10 dB performance gap need to be compensated. Hence, increasing the maximum number of transmission up to 32 can not only solve the problem that the actual transmission number is not enough, but also leave some margin for the coverage. Besides, the specification impacts on increasing the maximum number of repetition is TDRA (Time-Domain Resource Allocation) table size, which is minimal compared with other methods.
Table 1. Required SNR for BLER=0.1
	TBS
	1800
	2664

	TransNum
	1
	16
	32
	1
	16
	32

	SNR(dB)
	-4
	-13
	-15
	-1.9
	-11.4
	-13.5


Observation 1: About 9 dB and 11dB gain can be achieved respectively when the actual transmission number are set to 16 and 32.
Observation 2: Only when 16 actual repetitions are guaranteed, the performance of PUSCH can meet the coverage requirement.
Observation 3: Increasing the maximum number of transmission up to 32, can not only solve the problem that the actual transmission number is not enough, but also leave some margin for the coverage.
Proposal 1: Support to increase the maximum number of transmission up to 32.
1.2 Mechanism of counting 
As for modifying the mechanism of counting or skipping the unavailable slots. We prefer alt 1, that is whether or not a slot is determined as available for UL transmission depends on RRC configuration(at least tdd_ul_dl configuration, FFS: other RRC configurations) and does not depend on dynamic signalling (at least SFI, FFS: other dynamic signalling e.g. CI, PUSCH priority for URLLC).
On the one hand, compared with dynamic signalling, a large percentage of unavailable resources is because of TDD_UL_DL configuration, such as with some extreme TDD configuration, network has already configured a larger number of repetitions to obtain expected performance, but the number of actual repetitions may still not enough. Thus, it is reasonable to allow PUSCH repetitions to be postponed if overlapping with unavailable resources and it should be counted on the basis of available U/X slots until the indicated nominal number of repetitions is reached. On the other hand, the impact of dynamic signalling is relatively small and unpredictable. It is easy and simple to consider only RRC configuration, especially when the determination of all the available slots has to be done prior to the first actual transmission of the repetitions, which is also convenient for DMRS time window pre-configuration or hopping interval determination.
Proposal 2：Support the determination of all the available slots has to be done prior to the first actual transmission of the repetitions, and a slot is determined as available for UL transmissions only depends on RRC configurations
 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 or more, TDRA list needs to be expanded to contain the corresponding number of rows, as well as the indicator fields in RRC or DCI need to be extended. It is inflexible and has a large impact on the standardization, especially when the maximum number of repetition is not a fixed value and multiple variable candidate values are existed. 
A better solution for this issue is configure multiple TDRA tables to support the increase of maximum number of repetitions with repetition factors. For example, if the maximum number of repetitions is 32, two 16-row TDRA table lists can be configured. One of the row indexes corresponds to 0-15, and the other corresponds to 16-31. In this way, which table to select is determined 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. 
Another solution is to predefine some rules or extension factors for modifying the number of repetitions represented by the TDRA row index flexibly. For example, when CE target exceeds a certain threshold and the maximum number of repetitions needs to be extended from 16 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.
As for increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig, we think it depends on RAN2.
Proposal 3：Some mapping rules, extension factors or multiple tables to extend the maximum repetition number without increasing the number of rows of TDRA should be considered.
Proposal 4: whether increasing the maximum number of repetitions with repetition factor configured in PUSCH-config and/or ConfiguredGrantConfig depends on RAN2.
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 to increase the maximum number of transmission up to 32.
Proposal 2：Support the determination of all the available slots has to be done prior to the first actual transmission of the repetitions, and a slot is determined as available for UL transmissions only depends on RRC configurations
Proposal 3：Some mapping rules, extension factors or multiple tables to extend the maximum repetition number without increasing the number of rows of TDRA should be considered.
Proposal 4: whether increasing the maximum number of repetitions with repetition factor configured in PUSCH-config and/or ConfiguredGrantConfig depends on RAN2.
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