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1      Introduction
In RAN #90 e-meeting, a new Rel-17 work item on NR coverage enhancements was approved [1]. The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. The objectives include enhancements on PUSCH repetition type A.
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.

· The number of repetitions counted on the basis of available UL slots.

At RAN1#104e, following agreements have been achieved:
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.

This contribution present our views on the relevant issues on enhancements on PUSCH repetition type A.
2      Discussion
In RAN1#104e meeting, it was discussed whether the following two functionalities can be configured separately. 
· Increasing the maximum number of repetitions counted on the basis of contiguous slots.

· The number of repetitions counted on the basis of available UL slots.

In our understanding, these two functionalities are independent to each other. UE can be configured both or one of them subject to UE capability. 
Proposal 1: Follow two functionalities are independent to each other. UE can be configured both or one of them subject to UE capability.

· Increasing the maximum number of repetitions counted on the basis of contiguous slots.

· The number of repetitions counted on the basis of available UL slots.

Following cases were further discussed:
· Case 1: FDD or SUL
· Case 2: TDD with the contiguous-slot-based counting

· Case 3: TDD with the available-slot-based counting

We think all the above three cases are valid. Case 2 is the most demanding use case in terms of number of repetition. For this case, increasing the maximum number of repetitions to 32 is necessary. It was discussed whether for some cases, the maximum number of repetitions is increased, while for other cases, the maximum number of repetitions remain the same as Rel-16. In our view, a unified design for all the three cases is desired. Thus increasing the maximum number of repetitions to 32 is applied for all cases.
Proposal 2: The maximum number of repetitions is increased to 32 for the following two functionalities.
· The number of repetitions is counted on the basis of contiguous slots.

· The number of repetitions is counted on the basis of available UL slot.

In RAN1#104e meeting, following agreement was made. 

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).

The difference between Alt1 and Alt is that for Alt1, the available UL slots is semi-statically configured while the available UL slots can be dynamically configured in addition to semi-static configuration. For Alt1, the UE behaviour is clear. However, for Alt2, in case that UE misses SFI, it results in mis-alignment between gNB and UE on the counting number of repetition. Thus, considering the simplicity and robustness, the available UL slots should semi-statically configured.

Proposal 3: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations and does not depend on dynamic signaling.

In RAN1#104e meeting, it was agree that 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. For coverage enhancement, one of the principles is to maximize the amount of time a UE can transmit continuously at maximum power. In this sense, it is necessary to include any UL resource in time domain for PUSCH transmission. For instance, for the TDD frame structure DDDSUDDSUU with special slot configuration {D:G:U = 10:2:2}, if the UL symbols in the special slots can be used for PUSCH transmission, the potential gain can be approximately 9.5%.
Proposal 4: For the number of repetitions for PUSCH repetition type A counted on the basis of available UL slots, the special slot is determined as an available UL slot.
Regarding the timing between signaling and the transmission, the following two alternatives were discussed:
· 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.

If the determination of available slots depends on RRC configurations only. The determination of all the available slots has to be done prior to the first actual transmission of the repetitions. Otherwise, there may be mis-alignment on the counting number of repetition between network and UE. Furthermore, the benefit of the number of repetitions counted on the basis of available UL slots may be lost.
Proposal 5: The determination of all the available slots has to be done prior to the first actual transmission of the repetitions.
In Rel-16, For PUSCH repetition Type A, the same symbol allocation is applied across the K consecutive slots and the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot. The redundancy version to be applied on the nth transmission occasion of the TB, where n = 0, 1, … K-1, is determined according to table 6.1.2.1-2 in TS 38.214. Basically the same principle should be applied to normal slots. The same symbol allocation is applied across the K available UL slots except for the special slots. For the special slots, the available UL symbols can be used for PUSCH transmission. 
Proposal 6: For the number of repetitions for PUSCH repetition type A counted on the basis of available UL slots, the same symbol allocation is applied across the K available UL slots except for the special slots. For the special slots, the available UL symbols can be used for PUSCH transmission.
3      Conclusions
In this contribution, we discussed enhancements on PUSCH repetition type A and have following proposals:

Proposal 1: Follow two functionalities are in independent to each other. UE can be configured both or one of them subject to UE capability.

· Increasing the maximum number of repetitions counted on the basis of contiguous slots.

· The number of repetitions counted on the basis of available UL slots.

Proposal 2: The maximum number of repetitions is increased to 32 for the following two functionalities.

· The number of repetitions is counted on the basis of contiguous slots.

· The number of repetitions is counted on the basis of available UL slot.

Proposal 3: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations and does not depend on dynamic signaling.

Proposal 4: For the number of repetitions for PUSCH repetition type A counted on the basis of available UL slots, the special slot is determined as an available UL slot.

Proposal 5: The determination of all the available slots has to be done prior to the first actual transmission of the repetitions.
Proposal 6: For the number of repetitions for PUSCH repetition type A counted on the basis of available UL slots, the same symbol allocation is applied across the K available UL slots except for the special slots. For the special slots, the available UL symbols can be used for PUSCH transmission.
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