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1. Introduction
The Rel.13 MTC WI [1] targets a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined for complexity reduction and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage.
Repetition techniques for control channels were intensively discussed in the Rel-12 work for MTC. In this contribution, we share our views on PRACH enhancement in support of devices in deep coverage holes.
2. Discussion
As has been discussed in Rel-12 MTC WI, multiple coverage enhancement levels could be defined. By this coverage depth information, the network side may choose proper schemes to alleviate the coverage issues for different UEs. For example, the repetition number of control channels or data channels could be configured suitably.
Before launching the random access procedure, a UE presumed to access a given eNB has to achieve synchronization by detecting PSS/SSS and decode PBCH and SIBs to acquire the necessary system information. Going through the procedure involving detection of synchronization sequence, channel estimation by measuring CRS and also the demodulation of control and data channels, UE could estimate a required coverage enhancement level. Then random access could be used as a tool to signal this proper level. The following possibilities could be considered:
A. Time Domain Multiplexing

In order to minimize the amount of collisions across the reserved set of signatures for a given coverage hole depth, the PRACH access could be time multiplexed with a SFN synchronization provided as in the example provided in Figure 1 (yellow subframes are PRACH)
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Figure 1. Example of time domain PRACH multiplexing scheme
· Set of PRACH signatures {Ai} could support coverage hole devices requesting repetition sequences x2 and x4.

· Set of PRACH signatures {Bi} could support coverage hole devices requesting repetition sequences x8.

· Other synchronized PRACH time domain multiplexing schemes could be considered.
Proposal 1: Time domain multiplexing should be considered for reserved sets of PRACH signatures when supporting multiple coverage hole depths.
B. Frequency Domain Multiplexing with Hopping

In order to accommodate more accessing UEs and multiple coverage enhancement levels with lower latency, reserved sets of PRACH signatures could be allocated across legacy PRACH resource and MTC PRACH resource or across even more MTC PRACH resources if allocated. An example is provided in Figure 2.
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Figure 2. Example of frequency domain PRACH multiplexing scheme
More resources in the frequency domain mean an overall statistically lower accessing latency. Besides, a hopping mechanism in the frequency domain could be employed in order to enhance the coverage and meanwhile mitigate the interference among UEs, by taking advantage of frequency diversity and interference randomization, respectively. Link level simulations are performed to compare the scheme of PRACH with frequency hopping and without hopping. Detailed simulation assumptions and results are attached in Appendix. It is observed that around 3dB performance gain can be achieved by employing frequency hopping during PRACH repetition.
Proposal 2: Frequency domain multiplexing could be considered for reserved sets of PRACH signatures when supporting multiple coverage hole depths. Consider a frequency hopping mechanism to improve MTC PRACH coverage.
C. Code Domain Multiplexing

The methods mentioned above are proposed to expand available PRACH resources in time/frequency domain. 
To alleviate the potential impact on human PRACH access during massive MTC PRACH access events, a pseudo-orthogonal way to expand PRACH resource pool could also be considered e.g., configuring separate ZC root sequences for MTC UEs different from legacy UE ones. The criteria for eNB to configure ZC root sequence for MTC UEs is to assure a close CM value between MTC UEs’ ZC root sequence and legacy UEs’ so that interference randomization could be achieved in one cell even if PRACH preambles of MTC UEs and legacy UEs generated from different ZC root sequences collide at the same frequency-time resources.
Proposal 3: Consider the code domain configuration for separate pools for different coverage hole depths.
3. Conclusion
In this contribution, we share our views on multiple coverage levels indicated via PRACH and also the PRACH repetition related issues. To summarize the discussion, we have the following proposals:
Proposal 1: Time domain multiplexing should be considered for reserved sets of PRACH signatures when supporting multiple coverage hole depths.

Proposal 2: Frequency domain multiplexing could be considered for reserved sets of PRACH signatures when supporting multiple coverage hole depths. Consider a frequency hopping mechanism to improve MTC PRACH coverage.

Proposal 3: Consider the code domain configuration for separate pools for different coverage hole depths.
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5. Appendix
In appendix we provide the simulation assumption and evaluation results for PRACH frequency hopping.

Table 1. Simulation assumptions

	Parameter
	Value

	System bandwidth
	10MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	PRACH Resource Size
	6PRB

	Antenna configuration
	1Tx2Rx

	Channel model
	EPA

	PRACH format
	Format 0

	Sequence Repetition Times
	1, 10

	Resource Distribution
	Successive Subframe

	Frequency Hopping Granularity
	0PRB，36PRB

	Length of RACH Sequences
	839

	False Alarm Probability
	0.1%

	Performance target
	1%  miss detection probability
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   Figure 3. Frequency Hopping Pattern
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 Figure 4. Simulation Results Comparing Schemes of with/without Frequency Hopping
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