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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.
In this document we present our proposals on the above two enhancements.

Increasing maximum number of repetitions
Currently, PUSCH can be repeated up to 16 times. We propose to increase this limit to 32. Our primary motivation for this increase comes from a desire to enable NTN connectivity to smartphones and not just satellite phones. The goal here is to enable low data rate services that can tolerate large latencies. Short message services, VoIP, etc are potential applications. Compared to satellite phones, smartphones suffer from reduced antenna gain and a wider gap in uplink coverage. Repetitions are viewed as a primary means to recover this loss in coverage.
Considering VoIP as a motivating example, a voice packets gets generated once every 20ms, with voice packet aggregation, an aggregated packet may get generated once every 40ms. With 15 kHz subcarrier spacing, 40 uplink slots are available to transmit an aggregated packet in a FDD system. Thus, to best utilize the available resources, we suggest doubling the maximum number of PUSCH repetitions, and make the following proposal:
Proposal 1: Increase maximum number of PUSCH Type A repetitions to 32.
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.
With these observations in mind, we make the following proposals:
Proposal 2: 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 3: A slot is counted as being available for a PUSCH repetition only if a complete instance of a PUSCH repetition can be transmitted on that slot i.e.,
· the symbol corresponding to the start symbol index indicated in the PUSCH grant is either an uplink symbol or a flexible symbol that does not contain the SS/PBCH block, and
· the slot contains a number of consecutive uplink symbols or flexible symbols (that do not contain the SS/PBCH block) equal to or greater than the length of the PUSCH transmission as provided by the PUSCH grant and starting from the first symbol as indicated by the start symbol index in the PUSCH grant.
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.
Conclusions
Based on the discussions presented in the earlier sections, we have the following proposals:
Proposal 1: Increase maximum number of PUSCH repetitions to 32.
Proposal 2: 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 3: A slot is counted as being available for a PUSCH repetition only if a complete instance of a PUSCH repetition can be transmitted on that slot i.e.,
· the symbol corresponding to the start symbol index indicated in the PUSCH grant is either an uplink symbol or a flexible symbol that does not contain the SS/PBCH block, and
· the slot contains a number of consecutive uplink symbols or flexible symbols (that do not contain the SS/PBCH block) equal to or greater than the length of the PUSCH transmission as provided by the PUSCH grant and starting from the first symbol as indicated by the start symbol index in the PUSCH grant.
[bookmark: _Hlk23927392]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.
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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.   


