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Introduction
A work items on NR coverage enhancement was approved [1]. One of objectives of this work item is Msg.3 PUSCH enhancements such as
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg.3
This document provides our view on Type A PUSCH repetitions for Msg.3.
Discussion
In study item phase, enhancements on Msg.3 PUSCH repetition were studied and it was recommended to support Type A PUSCH repetitions for Msg.3. Potential specification impact is differentiation between coverage enhanced UE and legacy UE, indication of the number of repetitions for Msg.3 initial and retransmissions, and whether/how to apply inter-slot frequency hopping.
Regarding differentiation between coverage enhanced (CE) UE and legacy UE, in Rel.13 eMTC, for each PRACH coverage enhancement level, the set of numbers of repetitions for Msg.3 PUSCH transmission are determined such that 
· The values indicated for CE Mode A are used for initial Msg.3 transmission corresponding to PRACH CE levels 0 and 1
· The values indicated for CE Mode B are used for initial Msg.3 transmission corresponding to PRACH CE levels 2 and 3.
As similar mechanism is necessary for Rel.17 coverage enhancement, PRACH occasion / preamble should be differentiated based on the number of Msg.3 PUSCH repetition.
Proposal 1: For network to identify the number repetitions for Msg.3 PUSCH, PRACH occasion / preamble should be differentiated.

For indication of the number of repetitions for Msg.3 initial transmission, the following options would be considered
· Option 1: Indication by RAR UL grant,
· Option 2: Indication by SIB,
· Option 3: Implicit indication determined by PRACH configuration (e.g., separate PRACH occasions or preambles).
The required number of Msg.3 coverage enhancement level could be different among UEs. Therefore, to have flexibility for the indication of the number of repetitions is necessary. Therefore, Option 1 is preferable. The set of values indicated by RAR UL grant can be different based on Msg.3 coverage enhancement level identified by PRACH occasion / preamble similar to Rel.13 eMTC. This is the merit to differentiate the number of Msg.3 repetitions based on the detected power or load conditions.
Proposal 2: The number of repetitions for Msg.3 PUSCH is indicated by RAR UL grant.

In PUSCH repetition Type A, inter-slot hopping is enabled. As evaluated in Section 3, inter-slot frequency hopping provides the performance gain compared to intra-slot frequency hopping due to better channel estimation gain. Therefore, for Msg.3 PUSCH repetition Type A, inter-slot frequency hopping should be supported.
Proposal 3: Inter-slot frequency hopping should be supported for Msg.3 PUSCH repetition Type A.

In addition to inter-slot frequency hopping, it should be discussed whether enhancement for PUSCH repetition Type A discussed in agenda 8.8.1.1 is applicable to Msg.3 PUSCH repetition Type A for example joint channel estimation.

Link-level simulation
Figure 1 shows the BLER performance of Msg.3 repetition with enabled and disabled inter-slot frequency hopping . When inter-slot hopping is enabled, intra-slot frequency hopping is disabled. When inter-slot frequency hopping is disabled, intra-slot frequency hopping is enabled. The detailed parameters for link level simulation are listed in the Appendix A. Table 1 summarizes the required SNR for achieving BLER=10-1. It was observed that inter-slot frequency hopping can achieve an improvement of 0.5~0.8 dB gain compared to intra-slot frequency hopping.
Table 1: Required SNR for achieving BLER=10-1
	Number of repetitions
	2
	4
	8

	Inter-slot frequency hopping
	-5.3 dB
	-7.0 dB
	-8.6 dB

	Intra-slot frequency hopping
	-4.5 dB
	-6.4 dB
	-8.1 dB
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Fig.1. Link-level simulation results on Msg.3 repetitions

Conclusion
In this contribution, we provide our view on PUCCH enhancement. We made following proposals.
Proposal 1: For network to identify the number repetitions for Msg.3 PUSCH, PRACH occasion / preamble should be differentiated.
Proposal 2: The number of repetitions for Msg.3 PUSCH is indicated by RAR UL grant.
Proposal 3: Inter-slot frequency hopping should be supported for Msg.3 PUSCH repetition Type A.
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Appendix A: Simulation parameters
	General simulation parameters

	Scenario
	FR1, Rural

	Frequency
	700 MHz (FDD)

	Pathloss model
	NLOS

	BWP
	20 MHz

	SCS
	15 kHz

	gNB modelling in LLS
	2 gNB receive chains

	Channel model
	TDL-C for NLOS

	Delay spread
	300 ns

	UE velocity
	3 km/h

	PUCCH evaluation parameters

	Target BLER
	10% iBLER

	Number of UE transmit chains
	1

	PRBs
	2 PRBs

	TBS
	56 bits

	Duration
	14 OFDM symbols

	Frequency hopping
	Intra-slot or Inter-slot

	DMRS configuration
	Type 1, 2 DMRS symbols

	Repetition
	2, 4, 8 repetitions
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