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In the RAN1#105-e meeting [1], the following agreements and conclusion related to enhancements on PUSCH repetition type A were reached.
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
Conclusion:
· The following agreement in RAN1#104-e is applied to all slots including special slots.
	Agreement:
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, we provide our views on the details for enhancements on PUSCH repetition type A. 
Increasing the number of repetitions for PUSCH repetition type A
TDRA table for Rel-17 PUSCH repetition type A
In RAN1#104-e meeting [2], the increase of the maximum number of repetitions with repetition factors configured in a TDRA list had been agreed as shown below. 
	Agreement:
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.


There are two TDRA lists can be configured in Rel-15/16. For the TDRA lists without the suffix of “r16”, no IE indicating the repetition number is provided. In this case, the repetition number is determined by repK in ConfiguredGrantConfig or pusch-Aggregation factor in PUSCH-config. Therefore, there is an FFS in the above agreement. In our view, the most straight forward way to support the above agreement is to add a new IE indicating the repetition number with increased maximum repetition number to both of TDRA lists. Note that numberOfRepetitions-r16 and numberOfRepetitions-r17 should not be configured simultaneously in PUSCH-Allocation-r16.
	PUSCH-TimeDomainResourceAllocation ::=  SEQUENCE {
    k2                               INTEGER(0..32)                                  OPTIONAL,   -- Need S
    mappingType                    ENUMERATED {typeA, typeB},
startSymbolAndLength         INTEGER (0..127)
numberOfRepetitions-r17      ENUMERATED {n1,n2,n3,n4,n7,n8,n12,n16,n20,n24,n28,n32} OPTIONAL,   
}

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

    numberOfRepetitions-r17      ENUMERATED {n1,n2,n3,n4,n7,n8,n12,n16,n20,n24,n28,n32} OPTIONAL,   
   
...
}



In this way, there is no need to increase the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig. 
Another issue related to TDRA table is whether the number of rows of the TDRA table should keep unchanged from Rel-15/16. In order not to affect the DCI scheduling the PUSCH, we think number of rows of the TDRA table should keep unchanged. And the number of supportable rows in the TDRA table is 16 for CG type 1 and the maximum number of supportable rows is 64 for CG type 2/DG in current specification, which may give sufficient flexibility to the gNB for scheduling.
Proposal 1: For Rel-17 PUSCH repetition type A, introducing a new IE indicating the repetition number with increased maximum repetition number (i.e., numberOfRepetitions-r17) to all the existing TDRA lists.
Proposal 2: For Rel-17 PUSCH repetition type A, the number of rows of the TDRA table should remain unchanged from Rel-16. 
·  The number of supportable rows in the TDRA table is 16 for CG type 1 and the maximum number of supportable rows is 64 for CG type 2/DG. 
Proposal 3: For Rel-17 PUSCH repetition Type A, increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig is not supported.
Determination the number of repetitions for Rel-17 PUSCH repetition type A
If the proposals proposed in section 2.1 would be agreed, we can further discuss how the UE determine the number of repetitions for Rel-17 PUSCH repetition type A. If the new IE numberOfRepetitions-17 is not configured in the TDRA lists, legacy rules to determine the number of repetitions for PUSCH are reused. That is, if numberOfRepetitions is present in the resource allocation table, the number of repetition K is equal to numberOfRepetitions. Otherwise it will be equal to pusch-AggregationFactor or repK. More detail descriptions are summarized as follows. Note that, in Rel-15/16 specification, numberOfRepetitions can not be indicated by DCI format 0_0 since numberOfRepetitions is only included in the TDRA table configured for DCI format 0_1 and 0_2. If we want to include such new IE in all TDRA tables, such restriction should be removed. That is, repetition number with increased maximum repetition number configured in TDRA lists indicated by DCI format 0_0 should also be supported.
	For DG PUSCH 
For PUSCH repetition Type A, when transmitting PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, the number of repetitions K is determined as
-	if numberOfRepetitions is present in the resource allocation table, the number of repetitions K is equal to numberOfRepetitions;
-	elseif the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch-AggregationFactor; 
-	otherwise K=1.
For PUSCH with Type 1 or Type 2 PUSCH
For PUSCH transmissions with a Type 1 or Type 2 configured grant, the number of (nominal) repetitions K to be applied to the transmitted transport block is provided by the indexed row in the time domain resource allocation table if numberOfRepetitions is present in the table; otherwise K is provided by the higher layer configured parameters repK.


Proposal 4: For Rel-17 PUSCH repetition Type A, repetition number with increased maximum repetition number configured in TDRA lists indicated by DCI format 0_0 should also be supported 
Proposal 5: Legacy rules to determine the number of repetitions for DG/CG PUSCH are reused. 
The number of repetitions counted on the basis of available UL slots 
How to determine available slots for Rel-17 PUSCH repetition type A
In RAN1#105-e meeting, regarding the determination of available slots for Rel-17 PUSCH repetition type A, it is agreed that a slot overlapping with flexible symbol(s) with SSB transmission is determined as unavailable slot, and there are four alternatives to determine available slots as shown in introduction. 
· Alt 1-B
For this alternative, available slots are only determined by RRC configuration(s) in addition to the TDRA indication. This is the most reliable way since no dynamic signaling is involved, i.e., there would be no misalignment issue due to the missing of the dynamic signaling. Therefore, this approach is preferred. 
· Alt 1-B’
In the Step 1 of this alternative, the available slot is the UL slot and flexible slot indicated by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated. But flexible symbol(s) with SSB transmission determined as unavailable has been agreed. So, this alternative is contrary to the agreement. 
Observation 1: The process of determining the available slot in Alt1-B’ is inconsistent with the agreement of flexible symbol(s) with SSB transmission determined as unavailable.
· Alt 2-B
Available slots are determined by RRC configuration(s) and dynamic SFI. For DG PUSCH, dynamic SFI only indicates the semi-static flexible symbol(s) to dynamic UL or flexible. For DG PUSCH, PUSCH can be transmitted on dynamic flexible symbol(s). When dynamic SFI is configured and not received, UE transmits PUSCH based on the scheduling grant, and there is no misalignment between gNB and UE since gNB will never transmit an SFI to change a set of flexible symbols to be downlink for DG PUSCH. But for CG PUSCH, when dynamic SFI is configured and not received, UE can not transmit PUSCH on flexible symbol(s). That is, if the dynamic SFI indicates the semi-static flexible symbol(s) to dynamic UL but this SFI is mis-detected, then CG PUSCH may be not transmitted/counted on these flexible symbol(s), but gNB may assume it will be transmitted/counted, then the misalignment issue happens. However, gNB anyway needs to first blind detect the presence of CG transmission in each occasion. Thus, such misalignment could be easily identified by gNB.  
Observation 2: Available slots determined by dynamic SFI may cause misalignment issue for CG PUSCH, while this could be resolved by gNB by blind detection of each CG PUSCH occasion. 
· Alt 2-A
For this alternative, available slots are determined by RRC configuration(s) and dynamic signaling (e.g. SFI, UL CI, DCI for high priority channel). Similar to the analysis of dynamic SFI in Alt 2-B, if the other dynamic signaling e.g. UL CI or DCI for high priority channel are detected failure at the UE side, the ambiguity on the time domain position and RV id of each repetition between gNB and UE could impact on PUSCH performance.  
Based on the above analysis, Alt1-B is more preferred, though we think Alt 2-B is also feasible. 
Proposal 6: A slot is determined as available for UL transmission 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.
Based on the procedure of Step1 in Alt1-B determining available slots, we should discuss further which RRC configuration(s) should be used. Other RRC configurations besides tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst for the determination of available slots are listed in FL summary [3] as shown below. 
	FL proposal#2-5 after the 4th round discussion
So far it was agreed that tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst are used for the determination of available slots. The companies views on what other RRC configurations are used are summarized as follows.
· CORESET0 with Type0-PDCCH CSS set
· Invalid UL symbols for DL-to-UL switching purpose 
· Semi-static PUCCH with repetitions
· SSB based measurement by SMTC
· DL-to-UL switching for half duplex FDD redcap UE ( (wait the conclusion in RedCap WI)


For CORESET0 with Type0-PDCCH CSS set and invalid UL symbols for DL-to-UL switching purpose, they are RRC configurations only impacting for transmission of PUSCH repetition type B. For instance, invalid symbol pattern would not configured for PUSCH repetition type A, therefore it will not affect the transmission of PUSCH repetition type A. Thus, we don’t see any reason to include these parameters.
For semi-static PUCCH with repetitions, e.g., PUCCH repetition with HARQ-ACK information for SPS PDSCH, can cancel PUSCH repetition according to current specification. Therefore, the related RRC configurations for semi-static PUCCH with repetitions can be included. 
In case of DL-to-UL switching for half duplex FDD redcap UE, it should wait the conclusion in RedCap WI before determining available slots. In case of SSB based measurement by SMTC, the detailed analysis has been done in [4], and in section 9.2.5.3.1 of TS 38.133, the UE behavior is specified that UE is not expected to transmit PUSCH on the symbols for SSB occasions provided by SMTC configuration. So, a slot overlapping SSB based measurement by SMTC is determined as unavailable slot. 
Besides, semi-static PUCCH with larger priority index, e.g., carrying HARQ-ACK for SPS or SR, can also cancel a low priority PUSCH repetition. The related RRC configurations should also be considered. 
Proposal 7: In addition to tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst, all RRC configuration(s) that may impact the transmission of PUSCH repetition type A should be used for the determination of available slots for K repetitions, which include  
· Semi-static PUCCH with repetitions
· Semi-static PUCCH with larger priority index
· SSB based measurement by SMTC.
Timeline aspect for the determination of available slots 
Based on the conclusion in RAN1 #104-e meeting, whether or not the determination of all the available slots should be done prior to the first actual transmission of the repetition should be further analyzed. There are two alternative can be considered.
· 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.
As analyzed in section 3.1, whether or not a slot is determined as available for UL transmissions depends on RRC configurations, and there is no ambiguity on the time domain position and RV id of each repetition between gNB and UE. So, when only RRC configurations are used for determination of available slot, there is no difference of above two alternatives. But, in order to make user behavior simple, Alt-a is more preferred. That is, the determination of all the available slots has to be done prior to the first actual transmission of the repetitions, and count of all the available slots continues until reaching the indicated/configured repetition factor.   
Proposal 8: For Rel-17 PUSCH repetition Type A, the determination of all the available slots has to be done prior to the first actual transmission of the repetitions, and count of all the available slots continues until reaching the indicated/configured repetition factor.           
Applicable use cases 
As discussed in FL summary, a proposal that counting based on available slots is only applicable to unpaired spectrum is raised. 
	FL proposal#2-10 after the 4th round discussion
Discuss further the following proposal in RAN1#106-e.
· For PUSCH Type A repetitions, counting based on available slots is only applicable to unpaired spectrum.


Based on the analysis of section 3.1, when available slots are determined by RRC configuration(s), and RRC configurations include not only semi-static slot configurations, but also semi-static UL transmissions (e.g. semi-static PUCCH with repetitions, semi-static PUCCH with larger priority index), these UL transmissions could affect the available slots count for both unpaired and paired spectrum. And from the unity of NW, we don’t see a need to limit the enhancements to unpaired spectrum only,      
Proposal 9: For Rel-17 PUSCH repetition Type A, counting based on available slots is applicable to unpaired and paired spectrum.
Inter-slot Frequency Hopping Cycle 
For PUSCH repetition type A without joint channel estimation, whether inter-slot frequency hopping is based on physical slot index as in Rel-15/16 or the indexing of n within K transmission occasions is FFS. For the hopping index based on the indexing of n within K transmission occasions, it may provide even distribution of hops compared with the physical slot index. However, the issue with potential uneven distribution of hops in TDD system also exists in Rel-15/16, and the proposed enhancement may not be able to provide clear performance gain. In our view, following the existing spec for inter-slot frequency hopping is preferred.   
Proposal 10: For PUSCH repetition type A without joint channel estimation, inter-slot frequency hopping is based on physical slot index as in Rel-15/16. 
Conjunction of two Rel-17 PUSCH repetition type A features
Two features including (a) increase of the maximum number of repetitions and (b) the repetitions counted on the basis of available slots are supported for Rel-17 PUSCH type A. And about combination of the two features, the achieved agreement of RAN1#105-e and the discussion in FL summary are shown below. We will further analyse which feature combination should be supported.    
	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.
In the discussion of FL summary, following aspects were discussed:
· Alt 1: A single UE can be configured with both “the counting based on available slots” and the Rel-17 RRC parameter(s) relating to “the increased maximum number of repetitions” at the same time.
· Alt 2: A single UE can be configured with only one of “the counting based on available slots” and the Rel-17 RRC parameter(s) relating to “the increased maximum number of repetitions” but not both at a given time. 


Comparing these alternatives listed above, the key issue is whether to allow both features to be configured at the same time. Based on the evaluation results in Rel-17 CovEnh SI phase, PUSCH with eMBB service is the worst channel in most cases, if the increased maximum repetition number for available slots is adopted, it will further compensate the coverage gap. Besides, for the counting method based on available slots, the number of actual repetitions may be less than the indicated number because of Rel-15/16 PUSCH dropping rules. It is beneficial to compensate the reduced actual repetition number by increasing the maximum number of repetitions. In this sense, Alt 1’s feature combination is more flexible for NW and friendly to UE vendors, so Alt 1 is more preferred for the agreement and discussion listed above.         
Proposal 11: The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is 32, irrespective of counting method. 
Proposal 12: A single UE can be configured with both “the counting based on available slots” and the Rel-17 RRC parameter(s) relating to “the increased maximum number of repetitions” at the same time.
Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1: For Rel-17 PUSCH repetition type A, introducing a new IE indicating the repetition number with increased maximum repetition number (i.e., numberOfRepetitions-r17) to all the existing TDRA lists.
Proposal 2: For Rel-17 PUSCH repetition type A, the number of rows of the TDRA table should remain unchanged from Rel-16. 
·  The number of supportable rows in the TDRA table is 16 for CG type 1 and the maximum number of supportable rows is 64 for CG type 2/DG. 
Proposal 3: For Rel-17 PUSCH repetition Type A, increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig is not supported.
Proposal 4: For Rel-17 PUSCH repetition Type A, repetition number with increased maximum repetition number configured in TDRA lists indicated by DCI format 0_0 should also be supported 
Proposal 5: Legacy rules to determine the number of repetitions for DG/CG PUSCH are reused.
Observation 1: The process of determining the available slot in Alt1-B’ is inconsistent with the agreement of flexible symbol(s) with SSB transmission determined as unavailable.
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Proposal 6: A slot is determined as available for UL transmission 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.
Proposal 7: In addition to tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst, all RRC configuration(s) that may impact the transmission of PUSCH repetition type A should be used for the determination of available slots for K repetitions, which include  
· Semi-static PUCCH with repetitions
· Semi-static PUCCH with larger priority index
· SSB based measurement by SMTC.
Proposal 8: For Rel-17 PUSCH repetition Type A, the determination of all the available slots has to be done prior to the first actual transmission of the repetitions, and count of all the available slots continues until reaching the indicated/configured repetition factor. 
Proposal 9: For Rel-17 PUSCH repetition Type A, counting based on available slots is applicable to unpaired and paired spectrum.
Proposal 10: For PUSCH repetition type A without joint channel estimation, inter-slot frequency hopping is based on physical slot index as in Rel-15/16.
Proposal 11: The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is 32, irrespective of counting method. 
Proposal 12: A single UE can be configured with both “the counting based on available slots” and the Rel-17 RRC parameter(s) relating to “the increased maximum number of repetitions” at the same time.
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