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1. Introduction
In last RAN1 # 72 meeting, which physical channels are required for MTC UEs were discussed. At last, the following conclusion was reached [1].
	Channels
	Whether to enhance
	Reason

	PSS/SSS
	Yes
	Support the synchronization

	PBCH
	Yes
	Broadcast the system information

	PCFICH
	No
	The starting symbol could be fixed

	PHICH
	No
	Could be replaced by (E)PDCCH

	(E)PDCCH
	Yes
	Support the scheduling

	PDSCH
	Yes
	Downlink data transmission

	PRACH
	Yes
	Support the access procedure

	PUCCH
	FFS
	Keep vs. Removal

	PUSCH
	Yes
	Uplink data transmission


Coverage enhancement for these required channel need further analysis /evaluation in the SI. In this contribution, we focus on the coverage enhancement for the PRACH, by analysing the potential solutions proposed in previous meetings, and we will provide our view based on the analysis and comparison.
2. Potential Solutions to PRACH Enhancement
PRACH is used to carry the preamble for the initial access to the network. If the preamble is not detected by the eNB even with the maximum power, this MTC UE may not be able to access the network. In order to enhance the coverage of PRACH, the following potential solutions were proposed in previous meetings.
Repetition:  Coverage could be boosted by the energy accumulation. Repeating the preamble for multiple times is a simple and effective way to accumulate more energy [2][3][4][5].
Long preamble: Preamble formats 2 and 3 could benefit coverage compared to formats 0 and 1 due to a longer preamble sequence which is equivalent to two repetitions of the sequence used in format 0 or 1. In the same way, new preamble format with an even longer sequence may further help improve the coverage [2][4][6].
Power boosting: More power can be transmitted per Hz by either increasing the overall transmission power or concentrating transmission power in a restricted number of resources blocks. This scheme would increase received SINR, then the coverage is enhanced [2].
Relaxed requirement: A relaxed requirement would improve coverage because the required SINR is reduced. For PRACH, a looser PRACH misdetection threshold at eNB could be considered [2].
3. Analysis and Comparison  

Repetition is an effective way to enhance the coverage. In theory, 100 repetition times could achieve the target gain [7]. Furthermore, this scheme provides flexibility that it could be applicable both in TDD system and FDD system. On the other hand, the gain is achieved at the cost of increased power consumption and latency due to long transmission time. However, the MTC UEs which need coverage enhancement are usually latency tolerated, so there is no significant impact observed from the increased latency. Although the uplink spectral efficiency is degraded as more resources are occupied to transmit the same information, the impact on the system may be small since a relatively small proportion of MTC UEs require the coverage improvement and they always transmit data at quiet times. Some specification change is required due to different time relationship in the repetition.
Although long preamble could achieve similar gain to repetition, at the cost of increased power, latency and degraded uplink spectral efficiency, it is not applicable to some UL-DL configurations in TDD system (e.g. TDD configuration 5) [2], which limits the flexibility of application. The introduction of the new preamble format will also be a significant impact to the current specification.
Power boosting would improve the coverage without negative impact on the spectral efficiency, latency and flexibility. While in order to achieve the target 20 dB gain, the transmit power per Hz need to be increased 100 times. This could be realized by increasing the overall transmission power 100 times or squeezing the power of 100 PRBs into 1 PRB theoretically, which is however not possible in practical deployment scenarios. Therefore, this method is not reliable to achieve the target gain due to its limitation. Regarding to the specification impact, a series of new higher UE output power classes needs to be defined.
PRACH coverage could also be improved by loosening the detection threshold at eNB without any impact on the power consuming, latency. However, it will increase the false alarm probability, which costs the downlink resources in vain to transmit the random access response (RAR) to the wrongly detected preamble. As a result, the DL spectral efficiency is degraded. Furthermore, it is also very hard to achieve the 20 dB target gain solely by this method. If this method is used, dedicated detection requirement needs to be specified for the MTC UEs.
Based on the analysis above, we compare the potential solutions in the following table.
	      Metrics

Methods
	Coverage extendibility
	Flexibility
	Power consuming on MTC UE
	Spectral efficiency (Overhead)
	Latency
	Spec impact

	Repetition
	Big gain
	Good
	Bad
	Bad
	Bad
	Not so large

	Long preamble
	Big gain
	Bad
	Bad
	Bad
	Bad
	Large

	Power boosting
	Small gain
	Good
	Bad
	Good
	Good
	Large

	Relaxed requirement
	Small gain
	Good
	Good
	Bad
	Good
	Not so large


Considering the gain of coverage extendibility, flexibility, and smaller specification impact achieved by repetition method, we propose to give more priority to the repetition method for the PRACH enhancement.
Proposal: More priority should be given to repetition for the PRACH enhancement
4. Conclusion

In this contribution, we analyze the potential solutions for the PRACH coverage enhancement. Based on our analysis, following proposal is given:
Proposal: More priority should be given to repetition for the PRACH enhancement
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