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[bookmark: _Ref506539118]Introduction
At the RAN1#105-e meeting, the following agreements and conclusions were made for enhancements on PUSCH repetition type A [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


[bookmark: _Hlk72955455]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 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
In NR Rel-15, multi-slot based transmission for PUSCH was supported, which can be used to improve the coverage. More specifically, the number of slots for PUSCH repetitions can be 2, 4 or 8. Further, in Rel-16, the number of repetitions can be dynamically indicated in the DCI for scheduling PUSCH. In addition, the maximum number of PUSCH repetitions is increased to 16. 
[bookmark: _Hlk52480863]Figure 1 illustrates link level simulation results for PUSCH with different number of repetitions. In the simulations, it is assumed DFT-s-OFDM waveform and intra-slot frequency hopping for PUSCH. In addition, it is assumed TBS = 136, MCS = 0, 2 DMRS symbols are allocated in each slot and moving speed of 3km/h. From the figure, it can be observed that link level performance for PUSCH can be improved by increasing the number of repetitions. More specifically, ~2dB performance gain can be observed when doubling the repetition levels for PUSCH.
[bookmark: _Hlk52481077] [image: ]
[bookmark: _Ref47080094]Figure 1. Simulation results for PUSCH with repetitions
Observation 1
· ~2dB performance gain can be observed when the repetition level for PUSCH is doubled.

To further improve the coverage, especially when considering TDD configuration with limited UL slots, maximum number of repetitions can be increased for PUSCH repetition type A. At the RAN1#105-e meeting, two alternatives were agree for down-selection [1]:
· 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 for the counting based on available slots. 
In our view, given that increasing maximum number of repetitions and counting based on available slots for PUSCH repetition type A are two independent features in Rel-17, it is not necessary to increase the maximum number of repetitions to 32 when PUSCH repetition type A is counted based on available slots. For instance, for TDD frame structure with DDDSU, the maximum gap between two PUSCH repetitions is 160 slots when counting based on available slots is applied, which may not be desirable considering the coverage enhancement target for PUSCH repetition type A. Hence, it is more appropriate to consider the maximum number of repetitions as 32 for the counting based on physical slots and 16 for the counting based on available slots.
Proposal 1
· Alt. 2 is supported for the maximum number of repetitions supported by Rel-17 PUSCH repetition Type A:
· 32 for the counting based on physical slots and 16 for the counting based on available slots

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. 
Proposal 2
· 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.

PUSCH repetition based on available UL slots
At the RAN1#105-e meeting, four alternatives were identified for the procedure of Rel-17 PUSCH repetition Type A when counting based on available slots is applied [1]. The major difference between alternatives is whether single step is applied and whether dynamic signalling including dynamic SFI, UL CI, and priority indication is employed in the first step when determining available slots. 
In our view, it may not be desirable to consider dynamic indication including SFI indicated in the DCI format 2_0, or priority indicator to determine the availability of UL slots for PUSCH repetition. This is primarily due to the fact that if UE mis-detects the DCI carrying dynamic indication, UE may have different understanding from gNB on which slots to be used for PUSCH repetitions. With postponement mechanism for PUSCH repetition, this may introduce undesirable interference or even cross-link interference in the network.  
Further, a unified solution can be applied for both PUSCH and PUCCH repetitions in the TDD system. Note that in Rel-15, for PUCCH repetition in TDD system, PUCCH is only transmitted in a slot when the number of available symbols is greater than or equal to the configured or indicated number of symbols for PUCCH transmission. Further, in case of cancellation due to collision with semi-static configured DL symbols or SSB transmission, UE would postpone the PUCCH repetition until the configured number of repetitions is reached. 
Figure 2 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 2. PUSCH repetition on the basis of available UL slots
Based on the discussions above, in our view, Alt 1-B should be supported for PUSCH repetition type A when counting based on available slots is adopted. In particular, the procedure consists of two steps, where in the first step, determination of available slots for PUSCH repetition type A is only based on RRC configuration, TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI, while in the second step, whether to drop a PUSCH repetition according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.
Proposal 3
· Alt. 1-B is supported for PUSCH repetition type A when counting based on available slots is applied.
· 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.

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 [1]. 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. 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. 
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 4
· When determining the available slots in the first step, RRC configurations include semi-static configured DL symbols, SSB transmissions, CORESET0 with Type0-PDCCH CSS set and invalid UL symbols for UL and DL switching. 

Note that the above criteria would apply for both DG-PUSCH and CG-PUSCH with repetition type A. Further, in case when the number of repetitions is large, it may not be desirable to postpone the PUSCH repetitions after a time window, especially for CG-PUSCH. To avoid excessive resource waste and improve system level spectral efficiency, the time window may be configured to allow UE to postpone the PUSCH repetitions to a certain number of slots. 
Proposal 5
· For PUSCH with repetition type A, a time window may be configured to allow UE to postpone the PUSCH repetitions to a certain number of slots.

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed enhancements on PUSCH repetition type A. Further, we summarize the observations and proposals as follows:
Observation 1
· ~2dB performance gain can be observed when the repetition level for PUSCH is doubled.
Proposal 1
· Alt. 2 is supported for the maximum number of repetitions supported by Rel-17 PUSCH repetition Type A:
· 32 for the counting based on physical slots and 16 for the counting based on available slots
Proposal 2
· 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.
Proposal 3
· Alt. 1-B is supported for PUSCH repetition type A when counting based on available slots is applied.
· 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
· When determining the available slots in the first step, RRC configurations include semi-static configured DL symbols, SSB transmissions, CORESET0 with Type0-PDCCH CSS set and invalid UL symbols for UL and DL switching. 
Proposal 5
· For PUSCH with repetition type A, a time window may be configured to allow UE to postpone the PUSCH repetitions to a certain number of slots.
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