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1. Introduction
As is agreed in NR coverage enhancement work item[1], for Type A PUSCH repetition, there will be two enhancement techniques, and both will be supported:
· Option 1: increase the number of repetitions,
· Option 2: count the repetitions based on available slot.
In this contribution, we discuss remaining issues related to these two options for Type A PUSCH repetition enhancements based on latest RAN1 discussions, including:
· Rel-17 PUSCH dropping rules for UL transmission based on available slots,
· RRC configuration.
2. Discussion
2.1 Rel-17 PUSCH dropping rules for UL transmission based on available slots 
The following agreement has been made on the 2-step procedure of PUSCH repetition based on available slots in the RAN1#106-e meeting. Rel-17 PUSCH dropping rules are for further study.
	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)



[bookmark: _Hlk77064951][bookmark: OLE_LINK3]In NR Rel-17, on top of the Type A PUSCH repetition enhancement option 2 and TBoMS, enhancements of SPS HARQ-ACK, A-SRS are discussed in NR IIoT and URLLC WI and FeMIMO WI respectively. The transmission of all these UL channels and signal can be on the basis of available UL slots. As we know SPS HARQ-ACKs can be multiplexed to a time-overlapping PUSCH if they are of the same physical priority index and the timeline checks pass. Otherwise, they have to be transmitted separately. SRS can’t be transmitted simultaneously with PUSCH. Therefore, it needs to be solved on how a UE handles the collision if one particular slot is determined as an available slot for multiple time-overlapping UL channels or signals. To solve this issue, a solution based on priority similar to Rel-15/16 PUSCH omission rules can be used. Namely define the priority of the multiple UL transmissions, for example based on physical layer priority, the time order of corresponding UL grants. The UE only transmits the channel or signal with the highest priority in overlapping symbols in the slot. 

· [bookmark: _Hlk71539726]For the case that one particular slot is determined as an available slot for multiple time-overlapping UL channels or signals (type A PUSCH repetition enhancement option 2, A-SRS, or SPS HARQ-ACK), RAN1 is to define the priority of the multiple time-overlapping UL transmissions. The UE only transmits the channel or signal with the highest priority in overlapping symbols in the slot. 
2.2 RRC configuration
In our understanding, it is RAN2’s responsibility to decide how ASN.1 is structured, and the RRC parameter lists RAN1 provides are intended to describe the behavior of the feature.
 
Regarding configuration of increased number of repetitions for enhanced PUSCH repetition Type A, the agreements below were reached in the past meetings.
	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.
[bookmark: OLE_LINK16][bookmark: _Hlk72955455]- FFS: increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig.
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}



In NR Rel-16, the number of repetitions is configured in the PUSCH time domain allocation list.
	PUSCH-TimeDomainResourceAllocation-r16 ::=  SEQUENCE {
    k2-r16                                     INTEGER(0..32)          OPTIONAL,   -- Need S
    puschAllocationList-r16                    SEQUENCE (SIZE(1..maxNrofMultiplePUSCHs-r16)) OF PUSCH-Allocation-r16,
...
}

PUSCH-Allocation-r16 ::=  SEQUENCE {
    mappingType-r16                           ENUMERATED {typeA, typeB}                     OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbolAndLength-r16                  INTEGER (0..127)                              OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbol-r16                           INTEGER (0..13)                               OPTIONAL,   -- Cond RepTypeB
    length-r16                                INTEGER (1..14)                               OPTIONAL,   -- Cond RepTypeB
    numberOfRepetitions-r16                   ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16} OPTIONAL,   -- Cond Format01-02
    ...
}


To support an extended number of repetitions in Option 1, and to minimize the specification impact, a similar way can be applied to define a Rel-17 time domain allocation list. For example, additional maximum repetitions can be appended to the Rel-16 time domain allocation list:
	PUSCH-Allocation-r17 ::=  SEQUENCE {
    mappingType-r17                           ENUMERATED {typeA, typeB}                     OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbolAndLength-r17                  INTEGER (0..127)                              OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    numberOfRepetitions-r17                   ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16, n20, n24, n28, n32} OPTIONAL,   -- Cond Format01-02-And-RepTypeA
    ...
}



· [bookmark: _Hlk71539742]Define an extended number of repetitions in a time domain allocation list for Rel-17 similar to the dynamic repetition factor indication in Rel-16.
Another issue is how to determine different options of Type A repetition. In NR Rel-16, the repetition type indication is signaled for different DCI formats as is shown in following RRC signaling in PUSCH-Config.
	PUSCH-Config ::=                        SEQUENCE {
…
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]    pusch-RepTypeIndicatorDCI-0-2-r16                       ENUMERATED { pusch-RepTypeA, pusch-RepTypeB}  OPTIONAL,  -- Need R
    pusch-RepTypeIndicatorDCI-0-1-r16                 ENUMERATED { pusch-RepTypeA, pusch-RepTypeB}        OPTIONAL,   -- Need R
…
}                                          


Similar to the semi-static repetition type indication in Rel-16, a selection of one of the two Type A repetition options can be semi-statically signaled in the PUSCH-Config directly. Considering both the legacy repetition Type A and the two enhanced options, we will have three options in total for Type A repetition. As an example, the following signaling can be applied to indicate one of the 3 options for Type A repetition scheduled by 2 UE specific DCI formats, where RepTypeA, RepTypeA1, and RepTypeA2 are for legacy repetition Type A, option 1 repetition Type A and option 2 repetition Type A respectively.
	
PUSCH-Config ::=                        SEQUENCE {
…
    pusch-RepTypeIndicatorDCI-0-1-r17                       ENUMERATED { pusch-RepTypeA, pusch-RepTypeA1, pusch-RepTypeA2}  OPTIONAL,  -- Cond RepTypeA
    pusch-RepTypeIndicatorDCI-0-2-r17                       ENUMERATED { pusch-RepTypeA, pusch-RepTypeA1, pusch-RepTypeA2}  OPTIONAL,  -- Cond RepTypeA
…
}



· [bookmark: _Hlk71539747]RAN1 is to discuss details on how to indicate different options of Type A PUSCH repetition.
It was agreed that Rel-17 PUSCH repetition Type A will be supported by DCI format 0_1 and DCI format 0_2 with the following agreement.
	Agreement
· DCI format 0_1 and DCI format 0_2 support Rel-17 PUSCH repetition Type A with the increased maximum repetition numbers configured in TDRA lists.


[bookmark: _Hlk83828912]One issue is how to define the pusch-TimeDomainAllocationList in Rel-17 and its relationship with those of previous releases. NR Rel-15 supports one pusch-TimeDomainAllocationList in pusch-Config, while Rel-16 supports separate lists for DCI0_1, DCI0_2 and multiple PUSCH. Similarly, TimeDomainAllocationLists for DCI0_1, DCI0_2 can be defined in Rel-17.

· TimeDomainAllocationLists for DCI 0_1, DCI 0_2 are defined for enhanced Type A PUSCH repetition in Rel-17.
Table 6.1.2.1.1-1A and Table 6.1.2.1.1-1B in 38.214 show the possible combinations of multiple resource allocation lists and which one UE should use. With new Rel-17 TimeDomainAllocationList, the two tables can be updated. Our view is that pusch-TimeDomainAllocationListDCI-0-1-r17 overrides pusch-TimeDomainAllocationListDCI-0-1-r16, if both are configured. The same rule can be applied to pusch-TimeDomainAllocationListDCI-0-2-r17. Here the pusch-TimeDomainAllocationListDCI-0-1-r17 and pusch-TimeDomainAllocationListDCI-0-2-r17 are the 2 TDRA list configured for enhanced Type A PUSCH repetitions scheduled or activated by DCI format 0-1 or 0-2 respectively.

· pusch-TimeDomainAllocationListDCI-0-1-r17 overrides pusch-TimeDomainAllocationListDCI-0-1-r16, if both are configured. The same rule is applied to the enhanced TDRA list for DCI-0-2.
3 Summary
In this contribution, we have discussed remaining issues related to the two options in the NR coverage enhancement work item for Type A PUSCH repetition enhancements based, including:
· Rel-17 PUSCH dropping rules for UL transmission based on available slots,
· RRC configuration.
Based on the discussion, we make the following proposals:
Proposals:
1. For the case that one particular slot is determined as an available slot for multiple time-overlapping UL channels or signals (type A PUSCH repetition enhancement option 2, A-SRS, or SPS HARQ-ACK), RAN1 is to define the priority of the multiple time-overlapping UL transmissions. The UE only transmits the channel or signal with the highest priority in overlapping symbols in the slot. 
2. Define an extended number of repetitions in a time domain allocation list for Rel-17 similar to the dynamic repetition factor indication in Rel-16.
3. RAN1 is to discuss details on how to indicate different options of Type A PUSCH repetition.
4. TimeDomainAllocationLists for DCI 0_1, DCI 0_2 are defined for enhanced Type A PUSCH repetition in Rel-17.
5. pusch-TimeDomainAllocationListDCI-0-1-r17 overrides pusch-TimeDomainAllocationListDCI-0-1-r16, if both are configured. The same rule is applied to the enhanced TDRA list for DCI-0-2.
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