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Introduction
Following the conclusion of RAN1-103e and RAN-90e meetings, the following enhancement to PUSCH was agreed to be specified as part of the coverage enhancements WID in RP-202928:
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
Agreements made in RAN1-104e meeting and RAN1-105-e meeting are included in the appendix. In this document we present our views on this topic including some of the issues that were raised in the previous meetings.

Increasing maximum number of repetitions
In the RAN1-105-e meeting, we made the following agreement regarding the maximum number of PUSCH repetitions:
	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.



We do not see any downside to agreeing to increase the maximum number of PUSCH repetitions to 32 under all circumstances. It is up to gNB to determine the right number of repetitions based on the channel conditions and leaving this increase unconstrained seems prudent. We therefore make the following proposal:
Proposal 1: The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is 32, irrespective of counting method.
Counting repetitions on the basis of available UL slots
Currently, when a UE is configured PUSCH with repetitions, the UE is expected to count every slot beginning from the slot of first transmission as a potential slot for a repetition, irrespective of whether it is a downlink or an uplink. Counting repetitions in this manner can lead to over counting and a large shortfall in actual repetitions. Rather than counting every slot towards a potential PUSCH repetition, a more careful counting is desired. 
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Figure 1Current method of counting PUSCH repetitions
For inspiration on how to accomplish this, we turn our attention to PUCCH repetitions. The relevant text from Section 9.2.6 of 38.213, is given below:
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As per the above text, for unpaired spectrum, the slots for transmitting a PUCCH repetition are identified as those slots that have flexible or uplink symbols right from the starting symbol to the total length of a PUCCH transmission as given by the number of symbols in PUCCH format 1 or 3 or 4. This process is illustrated in the figure below, where prior to the beginning of the first PUCCH transmission, a set of slots for repetitions are identified based on the available symbols. This list of slots is then not revisited even if there is a subsequent change in slot format or a cancellation. 
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Figure 2 Timeline for PUCCH Repetitions
A similar approach can be pursued for PUSCH repetitions. Prior to the first PUSCH transmission, we identify a set of slots for PUSCH repetitions based on the set of available symbols. 
It is also critical for us to identify the potential slots for repetition ahead of time to enable cross-slot channel estimation. Without a clear guidance of where exactly repetitions are going to occur, it becomes difficult for both gNB and UE to commit to cross-slot channel estimation/DMRS bundling.
In RAN1-105-e, four options were listed to determine the procedure governing Rel-17 PUSCH repetition Type A. Of the four we believe Alt 1-B is the most suitable option and therefore make the following proposal:
Proposal 2: Adopt the following alternative for the procedure governing Rel-17 PUSCH repetition Type A:
· 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.
In RAN1-104e, it was further discussed on when the available slots are to be determined by a UE and the following conclusion was drawn:
Conclusion:
Discuss further to select one of the following alternatives:
· 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.

With UE implementation in mind, and to ensure a robust mechanism of identifying available slots, we prefer to let the UE make this determination prior to the start of the first transmission. Further, we prefer to not revisit this list of available slots even if the slots become unavailable at a later point in time. With this in mind, we make the following proposals:
Proposal 3: Slots for PUSCH repetition shall be identified prior to the start of the first PUSCH transmission. If N repetitions are required, N slots are identified.
Proposal 4: If a subset of these slots become unavailable for PUSCH transmissions due to changes in slot format or cancellations, the set of N slots is not revised.
Other Issues
On semi-static configurations to be used for the determination of available slots
When it comes to how a UE identifies available slots, it is currently agreed that tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst are used. Proposals to add additional considerations to this list were proposed by other companies, but we do not see any strong need to add them here. We therefore make the following proposal: 
Proposal 5: No additional RRC configurations (besides tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst) are required to be considered when determining available slots.
Configuration/indication of CovEnh functions
A Rel-17 UE may support counting PUSCH repetitions based on available slots or based on physical slots. Legacy mode of counting based on physical slots may still be required in case UE needs to connect to a R15/R16-based gNB that does not support PUSCH repetition counting based on available slots. Based on this observation, we make the following proposal:
Proposal 6: For a Rel-17 UE that is capable of supporting PUSCH repetition counting based on available slots, the exact counting procedure to use is configured via RRC.
Counting PUSCH repetitions based on available slots is only likely to benefit a TDD system where the legacy mode of counting is shown to be deficient. This motivates the following proposal:
Proposal 7: For PUSCH Type A repetitions, counting based on available slots is only applicable to unpaired spectrum.
On PUSCH collision handling
We don’t see a strong need to revisit the existing rules on collision handling between PUSCH and other channel/signals. For any special handling related to Release 17 changes in other work items, we suggest it be handled within the scope of that work item. We therefore suggest the following:
Proposal 8: Reuse existing collision handling rules for collision between enhanced Type A PUSCH repetitions and other UL channels.
On CG PUSCH with repetitions
As per the current spec, when CG PUSCH is configured with a periodicity of P slots, and if PUSCH is configured with K repetitions, it is required that the available slots for these K repetitions all occur before the next CG occasion. When configurations violate this constraint, it is considered an error case. 
While the above handling was acceptable when counting PUSCH repetitions based on physical slots, it could be problematic when PUSCH repetitions are counted based on available slots. gNB is less likely to be able to detect such error cases beforehand for each UE and will therefore have to resort to more conservative/restrictive configurations. As an alternative, a UE can consider the grant to be valid and transmit repetitions on all available slots prior to the start of the next CG occasion and omit the remaining repetitions. This leads us to the following proposal:
Proposal 9: If the available slots determined for K repetitions of a PUSCH transmission scheduled via configured grant extend beyond the configured grant’s periodicity of P slots, the UE transmits only the subset of repetitions that occur on available slots prior to the start of the next configured grant occasion and omits the remaining repetitions.
Conclusions
Based on the discussions presented in the earlier sections, we have the following proposals:
Proposal 1: The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is 32, irrespective of counting method.
Proposal 2: Adopt the following alternative for the procedure governing Rel-17 PUSCH repetition Type A:
· 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.
Proposal 3: Slots for PUSCH repetition shall be identified prior to the start of the first PUSCH transmission. If N repetitions are required, N slots are identified.
Proposal 4: If a subset of these slots become unavailable for PUSCH transmissions due to changes in slot format or cancellations, the set of N slots is not revised.
[bookmark: _Hlk23927392]Proposal 5: No additional RRC configurations (besides tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst) are required to be taken into account when determining available slots.
Proposal 6: For a Rel-17 UE that is capable of supporting PUSCH repetition counting based on available slots, the exact counting procedure to use is configured via RRC.
Proposal 7: For PUSCH Type A repetitions, counting based on available slots is only applicable to unpaired spectrum.
Proposal 8: Reuse existing collision handling rules for collision between enhanced Type A PUSCH repetitions and other UL channels.
Proposal 9: If the available slots determined for K repetitions of a PUSCH transmission scheduled via configured grant extend beyond the configured grant’s periodicity of P slots, the UE transmits only the subset of repetitions that occur on available slots prior to the start of the next configured grant occasion and omits the remaining repetitions.
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Appendix A: Agreements from RAN1-104-e meeting
	Agreements:
Select one of the following alternatives, considering the aspect whether or not the determination of all the available slots should be done prior to the first actual transmission of the repetitions (other alternatives are not precluded)
-        Alt1: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd_ul_dl configuration, FFS: other RRC configurations) and does not depend on dynamic signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).
-        Alt2: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd_ul_dl configuration, FFS: other RRC configurations) and also depends on dynamic signaling (at least SFI, FFS: other dynamic signaling e.g., CI, PUSCH priority for URLLC).


Agreements:
The maximum number of repetitions for DG-PUSCH is also applicable to CG-PUSCH.


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

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.
· FFS: increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig.

Conclusion:
Discuss further to select one of the following alternatives:
· 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.





Appendix B: Agreements from RAN1-105-e meeting
	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.
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For unpaired spectrum, the UE determines the    slots for a PUCCH transmission starting from a slot  indicated to the UE as described in Clause 9.2.3 and having   -       an UL symbol , as described in C lause 11.1,   or flexible symbol  that is not SS/PBCH block  symbol provided by  starting S ymbol Index   in  PUCCH - format1 , or in  PUCCH - format3 , or in  PUCCH - format4   as a first   symbol, and   -       consecutive UL symbols, as described in Clause 11.1,  or flexible symbols  that are not  SS/PBCH block symbol s , starting from the  first  symbol, equal to  or larger than  a number of  symbols provided  by  nr ofsymbols   in  PUCCH - format1 , or in  PUCCH - format3 , or in  PUCCH - format4   For paired spectrum, the UE determines the    slots for a PUCCH transmission as the    consecutive slots starting from a slot indicated to the UE as described in Clause 9.2.3.   
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-   a PUCCH transmission in each of the 
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  slots   has  a   same number of consecutive symbol s , as provided by  nrofSymbols   in   PUCCH - format 1 ,  nrofSymbols   in   PUCCH - format 3 , or  nrofSymbols   in   PUCCH - format 4   -   a PUCCH transmission in each of the 

repeat

PUCCH

N

  slots   has a same  first   symbol, as provided by  startingSymbolIndex   in   PUCCH - format 1 ,  startingSymbolIndex   in   PUCCH - format 3 , or  startingSymbolIndex   in   PUCCH - format 4    


