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1. Introduction
The new WI “low cost & enhanced coverage MTC UE for LTE” was approved in RAN#60 in [1] following the completion of the study item. The objectives regarding coverage improvement are as follows.

· Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

· A relaxed requirement for “probability of missed detection” for PRACH.
In this contribution, we discuss the mechanism to identify poor coverage UEs, number of repetitions required for PRACH coverage improvement and the details of PRACH enhancement.
2. Discussion
Since not all UEs will require coverage enhancement, or require it to the same amount, it is important to identify the amount of coverage improvement the UE needs. During the investigation in the study item phase, it was identfied that PRACH can be used to inform eNB on the amount of coverage enhancement an MTC UE needs. For example, the system/eNB can pre-define/broadcast the mapping between PRACH resource and the amount of necessary coverage enhancement. In RAN1#74, it was pointed out in [2] that the UEs can be not differentiated during the PRACH process and the scalability for repetitions of channels after the PRACH process can be provided by a RSRP report.
Comparing the two alternatives, the PRACH approach has the following advantages. First, excessive repetitions can be avoided during the random access procedure which brings benefit in UE power consumption and cell spectral efficiency. Second, the PRACH capacity is higher since not all the PRACHs are configured assuming the worst locations.
Proposal 1: PRACH is used to inform eNB on the amount of coverage enhancement an MTC UE needs.
The link-level simulation results of PRACH with different repetition times are shown in Figure 1. The detailed simulation assumptions are listed in Table 1 in Appendix. The coverage gain with different number of repetitions are shown in Figure 2.
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Figure 1: Performance of PRACH with different repetition times
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Figure 2: Coverage gain with different repetition times

The coverage gap of PRACH for TDD is 15dB to achieve an overall 15dB coverage improvement comparing to normal LTE TDD. While if the target is the same MCL as FDD with 15dB coverage improvement, the coverage gap is 9dB. It is observed that about 20 times repetitions can achieve the same MCL as FDD with 15dB coverage improvement while about 70 times repetitions can achieve 15dB coverage improvement comparing to normal LTE TDD.

Observation 1: With about 20 times repetition of preamble format 2, the same MCL as FDD with 15dB coverage improvement can be achieved. With about 70 times repetition of preamble format 2, 15dB coverage improvement comparing to normal LTE TDD can be achieved.
3. Conclusion
PRACH is proposed to be used to inform eNB on the amount of coverage enhancement an MTC UE needs. It is observed that about 20 times repetitions can achieve the same MCL as FDD with 15dB coverage improvement while about 70 times repetitions can achieve 15dB coverage improvement comparing to normal LTE TDD.
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Appendix
Table 1: Simulation assumptions of PRACH repetition
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	TDD, UL-DL configuration 0

	Carrier frequency
	2.6GHz for TDD

	Antenna configuration
	1x8, low correlation for TDD

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	100Hz

	Preamble Format
	2

	False alarm probability
	0.1%

	Performance target
	1%  miss detection probability
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