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Introduction
[bookmark: P3]The coverage issue generally occurs in UE side due to the lower power than that of the gNB. From this fact, the coverage of uplink channel of PUCCH and PUSCH had been enhanced in Rel-17. Now, the bottleneck of coverage of uplink channel might be a PRACH. In this contribution, we share our views on the PRACH coverage enhancement.
PRACH coverage enhancement
[bookmark: Proposal1]The study item of further NR coverage enhancement includes following objectives [1].
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1).


The uplink coverage is always challenging issue due to the limited transmission power of UE. In Rel-17, the coverage of PUCCH and PUSCH has been enhanced. Originally, the PRACH coverage was also discussed in study item phase of Rel-17, the discussion deferred due to the limited TU. In Rel-18, several companies proposed to enhance the PRACH coverage, especially in FR2. In NR, there are two kinds of PRACH preambles, short and long format. The long preamble format is also used in LTE, and has wide coverage, however, it cannot be used in FR2. On the other hand, the short preamble format which is newly adopted in NR has a merit that the subcarrier spacing is aligned with that of data/control channel, so that the implementation gets simple, while it suffers from severe coverage issue. Also, company’s evaluation results show that the PRACH becomes the bottleneck of uplink coverage as shown in below table referred from TR 38.830 [2].
Table 5.2.2-1: Potential bottleneck channels for FR2
	Scenario
	Target metrics
	Channels (and Frame format)
	MIL

	
	
	
	Number of samples
	Representative value
	Standard Deviation (w/o outlier)
	Relative difference vs. PUCCH Format 1

	Urban 28GHz TDD NLOS O2I
	Scenario dependent target
ISD=200m
	PUSCH eMBB DDDSU
	9
	125.31
	3.78
	-17.83

	
	
	PUSCH eMBB DDSU
	3
	123.94
	1.74
	-19.20

	
	
	PUCCH Format 3 11bits
	8
	142.27
	3.16
	-0.86

	
	
	PUCCH Format 3 22bits
	7
	139.18
	2.58
	-3.96

	
	
	PRACH Format B4
	6
	141.22
	5.70
	-1.92

	
	
	PUSCH of Msg3
	7
	139.72
	5.69
	-3.41

	Urban 28GHz TDD NLOS O2O
	Scenario dependent target
ISD=200m
	PUSCH eMBB DDDSU
	9
	123.60
	1.73
	-20.10

	
	
	PUSCH eMBB DDSU
	3
	123.99
	1.78
	-19.71

	
	
	PRACH Format B4
	5
	136.13
	0.88
	-7.57


In the technical report, PRACH format (B4) was identified as the potential bottleneck channels for Urban 28GHz scenario.
Observation 1:
· PRACH coverage is the bottleneck of uplink transmission, especially in FR2.
Among several candidate solutions, the repetition method might be the most efficient and less specification impacts. In fact, the coverage enhancement of PRACH is already attempted and implemented in NB-IoT of LTE by repeatedly transmitting the PRACH. Therefore, we propose that the study of the PRACH coverage enhancement starts from based on the repetition method. 
Proposal 1:
· The RAN1 discussion of the PRACH coverage enhancement starts from based on the repetition method used for NB-IoT, i.e. multiple preamble transmission toward a RAR window.

Conclusion
In this contribution, we provide our views on further coverage enhancement as below
Observation 1:
· PRACH coverage is the bottleneck of uplink transmission, especially in FR2.
Proposal 1:
· The RAN1 discussion of the PRACH coverage enhancement starts from based on the repetition method used for NB-IoT, i.e. multiple preamble transmission toward a RAR window.
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