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Introduction
A work items on NR coverage enhancement was approved [1]. One of objectives of this work item is PUSCH enhancements such as
· Specify the following mechanisms for enhancements on PUSCH repetition Type A
· Increasing the maximum number of repetitions up to a number of determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH
· TBS determined based on multiple slots and transmitted over multiple slots.
· Specify mechanism(s) to enable joint channel estimation
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation
This document provides our view on potential enhancements related to PUSCH repetition Type A.
Discussion
Increase the maximum number of repetitions
For the enhancement of the already specified repetition techniques (i.e., PUSCH repetition Type A), one of issues is how to handle the cancellation of the repetition due to DL/UL collision for TDD. In Rel.15/16 repetition mechanism, the actual number of PUSCH repetition can be less than the nominal number of repetition due to the collision with DL slots for TDD and this causes the coverage performance loss of PUSCH. One of solutions to overcome this issue is increasing the maximum number of repetitions. In Rel.15/16, PUSCH transmission is repeated across the pusch-AggregationFactor or numberofrepetitions consecutive slots. The values for pusch-AggregationFactor is 2, 4, or 8 and the values for numberofrepetitions is {1, 2, 3, 4, 7, 8, 12, 16}. By increasing the maximum number of repetitions and gNB appropriately configures/indicates the number of repetitions, which ensures sufficient number of actual repetitions considering DL/UL configurations, even if PUSCH transmission in a slot of a multi-slot PUSCH transmission is omitted in several slots, PUSCH coverage can still be achieved. The maximum number of repetitions should be decided under consideration of the required number of actual PUSCH repetitions and UL/DL configurations. In study item [2], up to 32 was identified as example and it could be starting point. Assuming the slot structure of DDDDDDDSUU, there could be additionally 8 UL slots within 32 consecutive slots, in which the first slots is UL slots.
Observation 1: The maximum number of repetitions should be decided under consideration of the required number of actual PUSCH repetitions and UL/DL configurations.
Observation 2: Increasing the maximum number of repetitions up to 32 is a starting point.

The number of repetitions counted on the basis of available UL slots
Just to increase the maximum number of repetitions for Rel.15/16 PUSCH repetition Type A may not be optimal behavior for repetitions from the perspective of RV cycling and inter-slot frequency hopping since both RV cycling and inter-slot frequency hopping are performed across nominal repetitions. In order to overcome this issue, the number of repetitions is counted on the basis of available UL slots for Rel.17. Potential specification impacts are to determine mechanisms for formulating transmission occasion of actual repetition and for defining a special slot as an available UL slot. In our view, the starting point would be PUCCH repetition mechanism because PUCCH repetition in Rel.15/16 is already specified that the number of repetitions is counted on the basis of available UL slots. PUCCH repetition mechanism of how to determine available UL slot is specified as follows [3].
	TS38.213 Section 9.2.6 PUCCH repetition procedure
< …>
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 Clause 11.1, or flexible symbol that is not SS/PBCH block symbol provided by startingSymbolIndex 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 symbols, starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbols 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.
<…>


Reusing the above PUCCH repetition mechanism, the determination of available UL slot for enhanced PUSCH repetition Type A could be described as follows.
· UE determines the  slots for a PUSCH transmission starting from a slot indicated to the UE and having
· an UL symbols or flexible symbols that are not SS/PBCH block symbols provided by S in TDRA as a first symbol, and
· consecutive UL symbols or flexible symbols that are not SS/PBCH block symbols, starting from the first symbol, equal to or larger than a number of symbols provided by L in TDRA,
· where S is the starting symbol relative to the start of the slot and L is the number of consecutive symbols counting from the symbol S allocated for the PUSCH.
Proposal 1: When the number of repetitions is counted on the basis of available UL slots, reuse the PUCCH repetition procedure for the determination of available UL slots.

The other specification impact is signalling mechanism, i.e., how to indicate Rel.15/16 PUSCH repetition Type A (the number of repetitions is counted on basis of indicated/consecutive slots) and enhanced PUSCH repetition Type A (the number of repetitions is counted on the basis of available UL slots). Following options can be considered.
· [bookmark: _Hlk61449594]Option 1: RRC configuration
· Option 2: Explicit DCI indication
· Option 3: To indicate it in the TDRA table
In Rel.16, for PUSCH scheduled by DCI format 0-1/0-2, if PUSCHRepTypeIndicator-ForDCIFormat0_1/ PUSCHRepTypeIndicator-ForDCIFormat0_1 is set to ‘pusch-RepTypeB’, the UE applies PUSCH repetition Type B procedure when determining the time domain resource allocation. Otherwise, UE applies PUSCH repetition Type A procedure. Therefore, Option seems straightforward extension of Rel.16 behaviour in which just to add new parameter for enhanced PUSCH repetition Type A. Option 2 would provide much flexibility at the cost of DCI overhead. On Option 3, dynamic indication of the repetition type is jointly coded with SLIV in TDRA table, by adding an additional column for the repetition type in the TDRA table. It requires no additional DCI overhead and provides dynamic indication with limited number of combination than Option 2. In our view, either Option 1 or Option 3 should be further considered.
Proposal 2: For the indication of repetition type, following options should be considered.
· Option 1: RRC configuration
· Option 3: To indicate it in the TDRA table

In enhanced PUSCH repetition Type A, in which the number of repetitions is counted on the basis of available UL slots, if higher priority DL or UL are interrupted, how to handle the pending of UL transmission is a discussion point. If the cost of PDCCH is not high and/or such interruption is not so frequent, just another PDCCH is used to request the remaining UL transmission would be more efficient because it can control whether the remaining repetition is sent or not. Therefore, this mechanism should be studied with the consideration of PDCCH overhead. To control whether the remaining number of the repetition is sent or not is important. One of possibility to control it is earlier termination of repetitions in available UL slots. For early termination of PUSCH repetition, downlink feedback information (DFI) specified in Rel.16 NR-U for explicit ACK can be used as the starting point.
Observation 3: The enhanced PUSCH repetition Type A such that the number of repetitions is counted on the basis of available UL slots is useful if the resource usage of PDCCH needs to be reduced.

Link-level simulation
Figure 1 shows the BLER performance of enhanced PUSCH repetition Type A, in which the number of repetitions is counted on the basis of available UL slots. In this evaluation, UL slots in the slot structure of DDDSUDDSUU are used for PUSCH repetition. The detailed parameters for link level simulation are listed in the Appendix A. Table 1 summarizes the required SNR for achieving BLER=10-1. When the actual number of repetitions is 8, a gain of 5.4~5.8 dB can be achieved.
Table 1: Required SNR for achieving BLER=10-1
	Number of repetitions
	1
	2
	4
	8

	Urban
	-6.2 dB
	-8.7 dB
	-10.3 dB
	-11.6 dB

	Rural
	-5.5 dB
	-7.9 dB
	-9.7 dB
	-11.3 dB
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(a) Urban 4 GHz                                                             (b) Rural 4 GHz
Fig.1. Link-level simulation results on enhancement of PUSCH repetition Type A

Conclusion
In this contribution, we provide our view on enhancement of PUSCH repetition Type A. We made following observations and proposals.
Observation 1: The maximum number of repetitions should be decided under consideration of the required number of actual PUSCH repetitions and UL/DL configurations.
Observation 2: Increasing the maximum number of repetitions up to 32 is a starting point.
Proposal 1: When the number of repetitions is counted on the basis of available UL slots, reuse the PUCCH repetition procedure for the determination of available UL slots.
Proposal 2: For the indication of repetition type, following options should be considered.
· Option 1: RRC configuration
· Option 3: To indicate it in the TDRA table
Observation 3: The enhanced PUSCH repetition Type A such that the number of repetitions is counted on the basis of available UL slots is useful if the resource usage of PDCCH needs to be reduced.
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Appendix A: Simulation parameters
	General simulation parameters

	Scenario
	FR1, Urban
	FR1, Rural

	Target data rates (for Rep=1)
	UL: 1Mbps
	UL 100kbps

	Frequency
	4 GHz (TDD)

	Frame structure for TDD
	DDDSUDDSUU (S: 10D:2G:2U)

	Pathloss model
	NLOS

	BWP
	100 MHz

	SCS
	30 kHz

	gNB modelling in LLS
	4 gNB receive chains

	Channel model
	TDL-C for NLOS

	Delay spread
	300 ns

	UE velocity
	3 km/h

	PUSCH evaluation parameters

	Target BLER
	10% iBLER

	Number of UE transmit chains
	1

	Waveform
	DFT-s-OFDM

	PRBs / TBS / MCS
	30 PRBs
	4 PRBs

	
	TBS and MCS is derived based on the number of PRBs, target data rate, frame structure and overhead.
Note: Target data rate is achieved in the case of no repetition. Same PRBs/TBS/MCS are used for repetition case.

	Duration
	14 OFDM symbols

	Frequency hopping
	Enabled
Intra-slot for no repetition case and inter-slot for repetition cases.

	DMRS configuration
	PUSCH mapping Type A
3 km/h: Type 1, 2 DMRS symbol, no multiplexing with data

	Repetition
	w/o repetition, 2, 4, 8 repetitions

	HARQ configuration
	w/o HARQ
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