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1. Introduction
In RAN1#80b, the following agreements have been made regarding PRACH: 
· PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

· Details FFS

· Repetition of all preamble formats is supported in coverage enhancement, except PRACH format 4

· For coverage enh. of PRACH:

· The configuration of the number of attempts can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations 

· The configuration of the number of repetitions can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations  

· When UE receives RAR but fails contention resolution

· The UE uses its current repetition level until it reaches the maximum number of attempts for that level

2. RACH Coverage Enhancements
For MTC RACH, we propose to use the PRACH-based design. 

Current PRACH is already a narrowband signal that can be directly used in MTC. For coverage enhancement, the transmission of PRACH is repeated across multiple subframes (e.g., 64 subframes) by a UE. An eNodeB combines multiple subframes for extended detection range. To further extend the coverage, frequency hopping is used to improve the frequency diversity, in which the transmissions are repeated on different ends of the system band.
In the simulation, 64 RACH transmissions are bundled into two groups and are transmitted at the two edges of the 10 MHz band. It can be seen that a frequency diversity gain of more than 2 dB is obtained. Table 1 lists the link budget.
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Figure 1. Link Performance of PRACH

In Table 1 we show the Link Budget for bundle size of 256.

Table 1. Link Budget with 256 Bundles

	Tx Power
	System Bandwidth
	Thermal Density
	Noise Figure
	Occupied Bandwidth
	Rx SNR
	Receiver Sensitivity
	MCL

	20 dBm
	50 RBs
	-174 dBm/Hz
	5 dB
	6 RB
	-32 dB
	-140.5 dBm
	160.5 dB


We observe that we can support different MCL for different repetitions levels. A UE should support 
different bundle size for different MCL values. The bundle size is determined by the random access 
procedure, and might be different for different random access attempts.
3. PRACH resource determination

Different eMTC cells might be targeting different coverage enhancements. For example, although the maximum MCS is 155.7dB, a given cell could be configured to support only up to 150dB. The possible coverage enhancement levels should be fixed by spec, and each cell could support a subset of those. For example, the possible CE may be {3, 6, 9, 12, 15}dB, but each cell might only support a subset of these. Cells in a very dense scenario, for example, could be configured to offer more granularity in low CE (e.g. 3, 6), since it might be unlikely to find a UE requiring more than that. A different cell might choose to offer a wider range of CE levels at the cost of reduced granularity (e.g. 3, 9, 15). 
Proposal 1: The supported CE levels for a cell are signaled in SIB1. Up to 3 CE levels are supported per cell.

For each level, the PRACH resources (bundle size, hopping, narrowband allocation, initial power) should be fixed by a combination of SIB1 and spec. In general, it might not be efficient to support a large flexibility in the SIB1 signaling for PRACH resources. For example, the bundle size and frequency hopping pattern could be fixed by the spec for a given CE level, and only the starting subframe and initial narrowband are signaled in SIB1.

Proposal 2: The PRACH resources (time, frequency, hopping pattern) are determined by specification and indicated in SIB1. The SIB1 content should be kept as small as possible.
The UE should choose one of these resources based on the measured downlink pathloss. When operating in low SNR, the RSRP measurements might not be accurate, but may still be sufficient to select between different bundle sizes, e.g. targeting 5 dB, 10 dB or 15 dB coverage enhancements. The UE could choose the initial bundle size/tx power by comparing the measured RSRP with a set of predefined thresholds to achieve a good compromise between PRACH errors (due to underestimation of pathloss) and resource wastage (due to overestimation of pathloss). 
Proposal 3: The UE selects the initial PRACH CE level based on the measured pathloss and supported CE levels. 
4. Summary
In this contribution we presented our views on the PRACH design. We make the following proposals 

Proposal 1: The supported CE levels for PRACH are signaled in SIB1. Up to 3 CE levels are supported per cell.

Proposal 2: The PRACH resources (time, frequency, hopping pattern) are determined by specification and indicated in SIB1. The SIB1 content should be kept as small as possible.
Proposal 3: The UE selects the initial PRACH CE level based on the measured pathloss and supported CE levels. 
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