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1. Introduction

In RAN1#105-e meeting, Enhancements on PUSCH repetition type A was discussed, and the following agreements were made [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


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, the remaining issues on Enhancements on PUSCH repetition type A are discussed.

2. Enhancements for PUSCH Repetition Type A
2.1. 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}.
In RAN1#105-e, the following agreements were made:
	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.


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. 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: Maximum repetition number Alt 1 should be supported: The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is 32, irrespective of counting method.
· 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. 
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.

2.2. The number of repetitions counted on the basis of available UL slots
In Rel-15/16, the number of repetitions for a PUSCH repetition type A is counted at every slot regardless of whether the slot has sufficient available resources for UL transmissions or not. Due to the TDD UL/DL configuration and flexible frame structure of NR, the time domain resource allocation (TDRA) of PUSCH by the UL grant may not fit into every slot. Type A repetition have to omit the slot but still count the repetition, when the slot cannot be transmitted according to TDD configuration, dynamic SFI, PUSCH priority, and Cancelation Indication. In TDD, it may mean the special slot and DL slot will not be used, this means quite few slots can actually repeat. A new enhancement “the counting based on available slots” is introduced in Rel-17.
· Issue#2-1 The determination of available slots
In RAN1#105-e, the definition of “available slots” and further clarifications on the following four alternatives were discussed:

	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.




Further into the PUSCH repetition detail, the frame structure definition should be fully considered. In normal PUSCH scheduling and dynamic frame structure, a PUSCH can be transmitted in uplink symbols or flexible symbols. This is also the case for PDSCH, which will change flexible symbol into downlink. One UE dynamically using a flexible symbol will then impact other UEs. If one of the other UE are transmitting PUSCH in repetition, it has to follow the same direction. 

It is also the case that we have flexible slots. When PDSCH slot repetition is triggered, all the flexible slots would be restricted as downlink slots. Since the maximum number of repetitions is 16, it would mean that such restriction would cause that the direction of at most 16 consecutive flexible slots to be uplink or downlink, as shown in Figure 1. It would be difficult for another UE change the transmission back in the middle. Methods on how to solve such restriction issue shall be considered.

[image: image1.emf]F F F F F F F F U

U U U U U U U U

PUSCH repetition Type A

Preconfigured 

SFI

Actural SFI

Cannot change in the middle


Figure 1 Frame structure restriction due to slot repetition
Considering the coverage enhancement scenarios, the available slots should be only determined based on semi-static RRC configuration. Also, if the available slots can also be determined by dynamic signaling during PUSCH repetition, UE maybe mis-detect the DCI carrying dynamic indication, it will cause different understanding between UE and gNB on which slots to be used for PUSCH repetitions. The misalignment between UE and gNB caused by dynamic indication should be avoided. Thus, 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 is more robust.
When there are multiple uplink channels needs to be transmitted simultaneously for single cell operation with two uplink carriers or for operation with carrier aggregation, power reduction shall be applied if the total power transmission power exceeds 
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. As specified in 38213, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to 
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-
PRACH transmission on the PCell

-
PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-
PUCCH transmission with CSI or PUSCH transmission with CSI

-
PUSCH transmission without HARQ-ACK information or CSI

-
SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
For multi-slot PUSCH transmission, when other uplink channels such PRACH or PUCCH are overlapping with PUSCH in some of PUSCH slots, the PUSCH transmission power may be reduced due to limited power, even the PUSCH transmission in the slot may be cancelled. It may be difficult for the gNB to always have an idea on when power reduction for PUSCH and whether the PUSCH would be cancelled. For example, PRACH or SR on PUCCH would be triggered by UE itself. If UE cancel the transmission of PUSCH due to this, gNB would not know it. 
PUSCH repetition should not influence the transmission of higher priority channel. When the UE detects the CI or DCI scheduling high priority channel, if PUSCH repetition still is transmitted, it will cause the error for the transmission of higher priority channel. Thus, UE has to omit the repetition transmission when it cannot be transmitted according to TDD configuration, dynamic SFI, PUSCH priority, Cancelation Indication and limited power but it is still counted in the K repetitions.
Proposal 3: Alt 1-B should be supported:

· 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.
Proposal 4: “Available slots” is the slot determined as available for the concerned PUSCH transmission:

· including the slots which no actual repetition transmitted according to TDD configuration, dynamic SFI, PUSCH priority, Cancelation Indication and limited power.
3. Conclusions
In this contribution, we discussed the enhancement of PUSCH repetition Type A for coverage enhancement. As summary, we have the following proposals:   
Proposal 1: Maximum repetition number Alt 1 should be supported: The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is 32, irrespective of counting method.

Proposal 2: The repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig should also support the increased maximum number of repetitions.

Proposal 3: Alt 1-B should be supported:

· 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.
Proposal 4: “Available slots” is the slot determined as available for the concerned PUSCH transmission:

· including the slots which no actual repetition transmitted according to TDD configuration, dynamic SFI, PUSCH priority, Cancelation Indication and limited power.
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