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[bookmark: _Ref506539118]Introduction
At the RAN1#106-e meeting, the following agreements and conclusions were made for enhancements on PUSCH repetition type A [1]:
Agreement:
· For Rel-17 PUSCH repetition Type A without joint channel estimation, no new inter-slot frequency hopping mechanism is introduced. 
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)
Agreement
For PUSCH repetition Type A for Rel-17 CG-PUSCH, semi-static flexible symbol is considered as available.
Agreement
For PUSCH repetition Type A for Rel-17 DG-PUSCH, semi-static flexible symbol is considered as available.
Note: The applicability for Msg 3 is to be discussed in 8.8.3
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.
Agreement
· For DG-PUSCH with counting based on the available slots, count of available slots continues until satisfying the conditions defined for DG-PUSCH repetition Type A in Rel-16.
Working Assumption
The maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32
In the contribution, we discuss enhancements on PUSCH repetition type A. Our views on TB processing over multi-slot PUSCH and joint channel estimation for PUSCH are described in our companion contributions [2] and [3], respectively. In addition, our view on PUCCH enhancements is presented in our companion contribution [4].
Maximum number of repetitions for PUSCH
At the RAN1#106-e meeting, it was agreed as working assumption that maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32. This is to further improve the PUSCH coverage even for the case when PUSCH repetition is counted based on available slots. 
Further, at the RAN1#104-e meeting, it was agreed that the increased maximum number of repetitions is supported for 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. It is FFS whether to support the increased maximum number of repetitions for the repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig. 
As defined in the NR, when numberofrepetitions is not presented in the TDRA table and if pusch-AggregationFactor is configured in PUSCH-Config, the number of repetitions is determined based on pusch-AggregationFactor. In this regard, it is more desirable to also support pusch-AggregationFactor with the increased maximum number of repetitions. In particular, when UE is not configured with number of repetitions in the TDRA table, sufficient number of repetitions for PUSCH can still be possible, which can help meet the coverage enhancement target. The same mechanism can also apply for repK in ConfiguredGrantConfig. 
In addition, it was agreed at the RAN1#106-e meeting that DCI format 0_1 and 0_2 support Rel-17 PUSCH repetition Type A with the increased maximum repetition numbers configured in TDRA lists [1]. In case when fallback DCI, i.e., DCI format 0_0 is used to schedule DG-PUSCH or activate Type 2 CG-PUSCH, same mechanism as defined in Rel-15/16 can be reused for the increased maximum number of repetitions. In other words, DCI format 0_0 does not support the increased maximum number of repetitions for CG-PUSCH and DG-PUSCH. 
Proposal 1
· Rel-17 PUSCH repetition Type A supports the increased maximum number of repetitions with repetition factor for pusch-AggregationFactor configured in PUSCH-Config and repK in ConfiguredGrantConfig.
· DCI format 0_0 does not support the increased maximum number of repetitions for CG-PUSCH and DG-PUSCH.

PUSCH repetition based on available UL slots
At the RAN1#106-e meeting, procedure of Rel-17 PUSCH repetitions counted on the basis of available slots was agreed, which consists of two steps [1]: 
· 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. 
Figure 1 illustrates one example of PUSCH with repetition type A on the basis of available UL slots. In the figure, the number of UL symbols in the 2nd slot is not sufficient for PUSCH transmission. In this case, UE would transmit the PUSCH in the 3rd slot assuming the number of repetitions is 2. 
[image: ]
[bookmark: _Ref60335612]Figure 1. PUSCH repetition on the basis of available UL slots
At the RAN1#105-e meeting, it was agreed that 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 [5]. Similar mechanism can be considered for RRC configuration in the first step of determination of available slots. As defined in Rel-15, for a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink. In other words, gNB needs to guarantee that flexible symbols do not overlap with CORESET0 with Type0-PDCCH CSS set. 
This mechanism, however, may pose certain scheduling restriction at gNB side in case of PUSCH repetition based on available slots. More specifically, for each slot configured with flexible symbols, gNB needs to ensure there is no collision between flexible symbols and CORESET0 with Type0-PDCCH CSS set, which may not be desirable from scheduling perspective. In order to address this issue, for the determination of available slot in the first step, RRC configuration needs to include CORESET0 with Type0-PDCCH CSS set. 
Further, as defined in Rel-16, invalid UL symbols are semi-statically configured after the last symbol in a consecutive number of symbols that are indicated as DL, which can be used as DL to UL switching purpose. Following the same logic as above, this can also be included as part of RRC configuration when determining the available slots in the first step to alleviate scheduling restriction. 
Hence, in our view, when a PUSCH symbol in a slot overlaps with flexible symbols with CORESET0 with Type0-PDCCH CSS set and invalid UL symbols for DL-to-UL switching, the slot is determined as not available during the counting of repetitions, which can ensure the coverage performance for PUSCH. 
Proposal 2
· When determining the available slots in the first step, RRC configurations include CORESET0 with Type0-PDCCH CSS set and invalid UL symbols for UL and DL switching. 

At the RAN1#106-e meeting, it was agreed that for DG-PUSCH with counting based on the available slots, count of available slots continues until satisfying the conditions defined for DG-PUSCH repetition Type A in Rel-16 [1]. The same principle can be applied for CG-PUSCH, i.e., for CG-PUSCH based on the available slots, count of available slots continues until satisfying the conditions defined for CG-PUSCH repetition Type A in Rel-16. Further, given that CG-PUSCH repetitions are based on available slots, UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. 
Proposal 3
· For CG-PUSCH with counting based on the available slots, count of available slots continues until satisfying the conditions defined for CG-PUSCH repetition Type A in Rel-16.
· UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P.

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed enhancements on PUSCH repetition type A. Further, we summarize the observations and proposals as follows:
Proposal 1
· Rel-17 PUSCH repetition Type A supports the increased maximum number of repetitions with repetition factor for pusch-AggregationFactor configured in PUSCH-Config and repK in ConfiguredGrantConfig.
· DCI format 0_0 does not support the increased maximum number of repetitions for CG-PUSCH and DG-PUSCH.
Proposal 2
· When determining the available slots in the first step, RRC configurations include CORESET0 with Type0-PDCCH CSS set and invalid UL symbols for UL and DL switching. 
Proposal 3
· For CG-PUSCH with counting based on the available slots, count of available slots continues until satisfying the conditions defined for CG-PUSCH repetition Type A in Rel-16.
· UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P.
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